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At your next party give your fnends a surprise that will give them Stars in their Eyes'! You've probably seen the 
TV programme where contestants try to sound like well-known singing idols. Now you. your family and fnends 
can get that professional sound, singing and harmonising to your favounte hits. You'll hear the backing music just 
like the onginal hit. and you sing the words when they appear on your TV screen. Your super Hi-Fi Karaoke with 
its built-in adjustable echo machine makes your voice sound great. Overnight you could become a STAR! 

Bhtains best value stereo Hi-Fi Pro-Sound Karaoke comes complete with everything you. your family and friends, 
need for a fun-filled party, including a FREE. HIGH QUALITY KARAOKE TAPE containing 16 popular songs, 
instruction manual, connection leads and FREE. HIGH QUALITY MICROPHONE specially designed for vocal use. 

INCLUDES FREE KARAOKE VIDEO TAPE WITH 16 SONGS! 

INCLUDES FREE HIGH QUALITY VOCAL MICROPHONE SPECIALLY DESIGNED FOR KARAOKE 
Many Karaoke video tapes available at all good video stores * Hi-Fi stereo system (with stereo VCR I 
Total audio/visual entertainment * Connection leads supplied* * Link the Karaoke to your 
VCR/TV for great family fun ★ Built-in echo machine ★ Cassette deck recorder connection for 
recording your voice and music * I microphone inputs - 4 times the fun 

Ideal for >our PARTT B \RBFC I KS * Makeyoui 'CLUB-NIGHTa FUNKAR iOKl PARTY SIGH1 
Link your Karaoke to your VCR and Hi-Fi, and sing along with your favourite song whilst following 
the words as they appear on your TV screen. Friends will be amazed at the ‘professional sound’ you 
can create. With the built-in fully adjustable echo machine, you can add long reverb for Smoochy 
Ballads, and fast repeat to Rock ‘n’ Roll and you’re a SX1 R' phumnput* (*•"** 1*6. I ’auhroApu <*>»<«* u A' 


3 MICROPHONE PARTY PACK 

1'hree great Karaoke microphones specially designed for vocal use. 

You and your fnends will be able to harmonise like the professionals. 

Stylish low-impedance, unidirectional, 
dynamic microphones with built-in 
on/off switch, in 3 popular colours. 
Red. Blue and Yellow. All are supplied 
with approx. 3 metres of cable 
terminated in a mono Vain jack plug. 
Three times the fun for only £ 19.95! 




KARAOKE 
VIDEO TAPES 

Each tape shows entertaining 
video films with the words to each 
song clearly shown on your TV 
screen. The Karaoke tape has 
superb sound and picture quality 
and comes in a high quality 
protective case. 

Note: Karaoke video tapes are 
available from all good video shops. 



NO HI-FI? 

NO PROBLEM! 

If you don’t have easy access to a Hi-Fi system, 
don’t worry! Used in combination with your 
VCR and Pro-Sound Stereo Karaoke, these 
amplified speakers eliminate the need for a Hi-Fi 
system. A built-in 20W per channel amplifier 
together with bass, treble, volume and on/off 
controls, brings you a high quality independent 
speaker system giving you a really professional 
sound for only £59.95 per pair! 
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24 HOUR SERVICE • PHONE NOW! 

0702 558664 

Ail items ere subject to evauetfbry at) paces include VA T 
You* data may be used by other carefully selected companies 
Access □ Amea □ Visa 3 Delete as required 

If ordering by 
Credit Card please sign 

E *p»ry dale of Credit Card 


Order Coupon 

Send this coupon to P 0 Box 3 Rayleigh Essex SS6 8LR 

Ouanwy 

Carriage 

Each 

OescrpNon 

Code 

Prce 

Total 


C5 70 

HI-FI STEREO KARAOKE MIXER 

50064 

C49 95 



C2 65 

AMPLIFIED SPEAKERS 

50065 

C59 95 



Cl 45 

3 MCROPHONE PACK 

50066 

C19 95 
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► IN THIS ISSUE... 


PROJECTS FOR YOU TO BUILD! 


FEATURES ESSENTIAL READING! 


TWILIGHT SWITCH 

A versatile project, with numerous appli¬ 
cations, that senses the ambient light 
level. The output switches at dawn and 
dusk; so when it is used to control night¬ 
time security lighting it is more energy 
efficient than a time-switch. 

MILLENNIUM 4-20 
Hi-Fi VALVE AMPLIFIER 

It's what everyone has been waiting for 
- the most exciting Hi-Fi project for 
years! This top quality amplifier can be 
built in several configurations and 
sounds just great! It looks pretty 
impressive too! 

418MHz FM RADIO LINK 

These miniature radio modules are ideal 
for providing general-purpose radio con¬ 
trol or telemetry links in applications too 
numerous to mention. Presented in this 
in-depth protect are versatile applications 
circuits and full technical details of how to 
use the modules. 

CONTROLLING DOMESTIC 
EQUIPMENT BY COMPUTER 


8 ELECTRONICS PRINCIPLES 
SOFTWARE REVIEW 

John Mosely reviews a comprehensive, 
low-cost, electronics tutonal package that 
runs on an IBM PC or compatible. 


24 


40 


SONY MINIDISC - 4 0 

THE BATTLE OF THE DIGITS 

Last month Ian Poole looked at the Philips 
Digital Compact Cassette format, this 
month he looks at Sony's fledgling. Which 
format will win the battle for consumer 
acceptance? Which format is most 
versatile? Which format will the record 
companies choose? For the answer to 
these and other questions, just turn to 
page 16 ! 

THE HISTORY OF COMPUTERS 

Concluding this month, Greg Grant takes C.L 
a look at what future developments in 
computing may bring. 


64 


POWER ELECTRONICS - 
IN THEORY AND IN PRACTICE 

Graham Dixey takes a look at SCR 
circuits and how they can be used in 
numerous practical applications. 


35 


WAR OF THE WORLDS? 

The Mars' exploration programme has 
been in the news recently; Douglas 
Clarkson reveals some of the planets' 
secrets and takes a look at past and 
present missions to Mars. He also spec¬ 
ulates about future international explo¬ 
ration and asks, what can be learnt 
about our own planet from Martian 
missions. 


UNDERSTANDING 

AND USING PROFESSIONAL 

AUDIO EQUIPMENT 

Tim Wilkinson introduces the world of pro¬ 
fessional digital recording equipment and 
looks at the formats currently in use. He 
discusses the theory of operation and 
practical advantages and disadvantages 
of digital recording techniques. 


A PRACTICAL GUIDE TO 
USING VALVE TECHNOLOGY 

In the concluding part of this series, 
Graham Dixey examines popular valve 
amplifier designs from the manufacturers 
of the day. 


57 


REGULARS NOT TO BE MISSED' 


Ever wanted to programme your cassette 
deck to record radio programmes in the 
same way as you do with your VCR? Or 
perhaps wished you could control that 
piece of equipment from your computer? 
Then this project is right up your street! 
Listings are included for the Archimedes 
computer, which could also be translated 
to work on other PCs. 


MODULAR GRAPHIC 
EQUALISER POWER SUPPLY 
AND INPUT SELECTOR 

Presented this month is the power supply 
and input selector section of the Modular 
Equaliser protect. 
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ABOUT THIS ISSUE... 


Hello and welcome to this New Year's issue of 
Electronics' 

As you will no doubt have gathered from the 
cover of this issue, the Millennium Amplifier 
graces us with its appearance The first half of 
the project, the power supply, is presented this 
month and the concluding half, the audio power 
stage, is presented next month. This project 
represents a double first for Maplm Electronics 
and Electronics magazine; it’s the first fully 
blown valve project we've published and 
made available as a kit. You may or may not 
subsen be to the valves sound better' theory, but 
either way you can easily dip a toe in the water 
with this project since all of the components are 
readily available, both in kit form and individually 
(see we do listen to your requests!). We’ve 
been careful to watch the £££’s too. you 
probably won't find a commercial valve amplifier 
at such a reasonable price elsewhere 1 Since the 
design is modular, with separate power supply 
and audio power stages you can easily tailor the 
final version to suit your own requirements; 
mono, stereo, stereo from two mono-blocks, 
quadraphonic - the choice is yours! You can 
build the amplifier in stages to suit your pocket, 
with the option of upgrading later if you wish. 
What does the Millennium sound like? Well. I 
personally like how it sounds, and it certainly 
looks far more interesting than the usual black 
or silver square box-amplifiers that are the 
current norm. But. the final opinion is down to 
you and your ears! Please write in and tell me 
what you think (good or bad). You never know, 
this could start a new trend for valve based 
projects.... 

Even if valve amplifiers leave you completely 


cold, there's plenty of other projects and features 
in this issue to keep you entertained throughout 
the cold dark winter nights. 

Reviewed in this issue is a new software 
package called Electronic Principles, it runs on 
an IBM PC or compatible (sorry Atan/Amiga 
users!) and provides a comprehensive 
introduction to electronics theory Because 
it makes use of interactive graphics, it’s a far 
more interesting way of learning than reading a 
reference book; of course books do still have an 
important role to play in any learning exerase. 
Component values, voltage levels and signal 
amplitudes can be entered, the results are then 
shown on-screen in animated form. Turn to 
page 4 to find out more! As a speaal offer, 
exclusive to Electronics ' readers, you can save 
£5 on the purchase price of the package. To 
take advantage of the saving, simply quote 
Electronics - The Maplm Magazine £5 Discount' 
when you order, the offer is open until 31 st 
December 1993 (please note that Electronic 
Pnnaples is not available from Maplin). 

If you've ever wanted to add a radio link to a 
project, then the 418MHz Radio Modules' Data 
File will be of interest, it explains how to use the 
modules and gives a whole host of versatile 
applications arcuits which can be adapted to 
suit your needs. The ready-built modules are 
completely pre-aligned. so they are really easy 
to use - even if you ve no previous expenence 
with RF circuits. The modules are MPT 1340 
approved and don't require a licence to use - 
what more could you want? 

Of course, there's lots more to read and build, as 
well as the things I've mentioned, so go on!, what 
are you waiting for?, start turning those pages! 


CORRIGENDA FOR ISSUE 72 / DECEMBER 1993 

Medusa Infra-Red Remote Control Extender 
Page 18, Figure 2a: The lOpF capacitor adjacent 
to IC2 is incorrectly marked as Cl, it is in fact C4 
Additionally, the polarity of this component is shown 
reversed The PCB legend is however, correct. 

Page 21, column 3, line 6: 0 5A should read 
0-25A’. 


Quizzer Priority Quiz Buzzer 
Page 33, Figure 2 and Page 36, Parts List: IC3 
is shown as a ULN2801 A. whereas it should be 
a ULN2803A (QY79L) 

Page 34, Figure 3 and Issue 1 PCBs: RG1 is 

shown on the legend with incorrect onentation. 

RG1 should be fitted as follows: align the RG1 with 
the legend, rotate rt through 180°. so that the flat 
face of the regulator is faang away from the flat 
side shown on the legend, then fit. Issue 2 or later 
PCBs are correct and RGl should be fitted as 
shown on the PCB legend 


PLEASE NOTE 

Should VAT rates have changed in the November 
'93 Budget, prices will change to reflect the new 
rates 




CONSUMER HESS 


Front cover picture 
e Copyright 1993 
Maphn Electronics PIC 
The gotten age of valve 
amprtcabon returns wtth 
the MMermtum 4-20 
Valve Ampkfier 


EDITORIAL 

Editor Robert Ball amipre 

Technical Authors Robin Hall fbis, G4Dvj, 

Mike Holmes 

Print Co-ordinators John Craddock. Mike Brett 
News Editor Stephen Waddmgton BEng (Honsi 
Technical Illustrators Ross Nisbet, 

Lesley Foster. Paul Evans. Nicola Hull 
Project Development Chris Barlow. 

Dennis Butcher. Alan Williamson. Nigel Skeels 

PRODUCTION 

Art Director Peter Blackmore 
Designer Jim Bowler 

Layout Artists Tracey Walker. Adnan Dulwich. 
Nadine Clark. Paul Andrews 

Published by Maplin Electronics PLC.. 

P.0 Box 3. Rayleigh. Essex. SS6 8LR 
Tel (0702) 554155. Fax: (0702) 553935. 

Lithographic Reproduction by 
Planagraphic Studios 18 Sirdar Road. Brook 
Road Ind Estate. Rayleigh. Essex SS6 7UY. 
Printed in the United Kingdom by 
St Ives (Caerphilly) Ltd. 

Mid-Glamorgan. CF8 3SU. 

MANAGEMENT 

Publications Manager Roy Smith 
Development Manager Tony Bncknell 
Drawing Office Manager John Dudley 
Marketing Manager Vic Sutton 

ADVERTISING 

Jackson-Rudd & Associates Ltd. 

2 Luke Street. London. EC21 4NT. 

Tel: (071) 613 0717. Fax: (071) 613 1108 

Advertisement Managers Eric Richardson. 

Jim Slater 

UK NEWSTRADE DISTRIBUTION 

United Magazine Distribution Ltd. 

Castle House. 37-45 Paul Street. London EC2A 4PB 
Tel: (071) 490 2020 Fax: (071) 490 1239. 


Copyright 1993 U**n Electron** PLC. 

Copyn** Al maian* «subject to oopfW WMOon and 

reproduction or mtalon n whole v pan 6 eipressly torbdden Pemvsston to 
reproduce pmed era* board toyais cnmmeraaly or marketrg d ws rrx^ 
oe sought from the pubksher 

Advertisement* iVhfct every reason** precaution is utiertaken to protect 
ve neress of reader* by ensuing as tar as posstte that at*eros«ments 
appeamg n fte curert asue ot Beams are bona to* ft* pubfcner and 
staff of ft* magame cannot g*t any uxftrtawigs n resped d staements 
or dare mad* by adverkserv whether on prnied page or on loose nsert 
Readers who ha* reasonat* grtxnJs to belave ft* ft*y htve been mated 
are advaed to contac ftar Oca Tracing Standards OAce 
Editorial: ^ views dnt*Xjdooretu*nmJlxn an not necessary ftoee 
ot eiiher ft* puDonar or fte etftor Where errors occu corrections wi be 
pubished as soon as p oB bt afterwards 

Pubieher s Statement: Mapm Becftncs PlC take *1 reason** care to 
prevent ivy loss or damage ol *iy land bang caused by any maaer pubtehed 
r Becvms Sa* reot* as prohM by Er^ law MbAty ol every kftd 
ndudng neftenoe s dsdamed as regards any paroon n respect ftered 

Project Ratings 

Projects presented ft ft* issue are rated on a i to 5 tor ease or dfiaiy ot 
construction to he*> you deade whefter * 6 wehn you construction capacities 
betore you undertake fte projed The ratngs are as Mows 
rj Sftp* ft bt*d and understand and sutat* tor atsoiitebegnners Base 
oltoodrequrea leg softerrgfonsftecutters.piers, vwrestnpoersand 
screwdriver) Test gear not nqured and no seong-up needed 

E Easy ft bun but notsutat* tor adeoftte begmers Some lest gear :e$ 
a* mjemeter) may be requred. and may also need settng^p or lesang 

Average Somerti r conslrucson or more extensive seeng-up 
x requred 

rj Advanced Fafty hgh level of ski n construction speoaksed test gear 
=<- or seeing up may be req*ed 

r, Complei Hgh level of ski ft contfuaon speoaised test gear may be 
S raq*ed Consructon may rMJhe tomple* wwig Recommended tor 
skied constructors only 

Ordering Information 

Ms. components and products stocked by Mapin can be tasty obtared ft a 
rxrtarof ways 

Vet you local Mapm store, where you wi ind a wide range d dectonc 
products l you do not know where you nearest store «. reler to fte advert ft 
ftsesue or Tel (0702)562911 To avod dsappontmem when ntendng to 
puchase products from a Mapm store, customers are adnsed to check 
MiAaofey before ftvelng any dstance 

Wrie you order on fte term prnted n fte issue and send I to Mapm 
Eieooncs. P0 Bo* 3 Rayftgh Esse* SS6 8LR Payment can be made 
using Cheque. Post* Order or Oedt Card 
Telephone you order, cal fte Mapin Electroncs Oedt Card Hoine on 
(0702) 564161 

R you have a person* computer equftped w*i a M00EM d* up Mapin s 
24-hou orvine database and ordering servioe Gash'S* CasM* supports 300- 
1200- and 240Obaud MOOEMs usng CCTTT tones The term* s 8 data bis. 1 
flop bC no party M dupe* wift XonTCofl handshakrg Al eussng customers 
wth a Mapin customer number can access fte system by smply doing (0702) 
562941 If you do not have a customer rurfter Tel (0702)552911 and we wi 


happty issue you w«t one Payment can be made by credt card 
I you have a lone d* (DTMF) telephone or a pocket tone datar, ytx 
c*i access ou computer system and place orders drec9y orto fte Mapm 
computer 24 hous a (My by amply deing (0702) 556751 You wi need 
a Mapin customer nunber and a person* darefcabon rvrter (PW) to 
access fte system I you do not have a customer nuTfter or a Pft rvrtber 
Tel. (0702) 552911 and w* wihapptyesue you wSh one 
Fti data* o» al d fte methods of orowng from Mapin can be lound ft fte 
curent Mapin Catalogue 

Prices 

Prices of products and servees avatibf* from Mapin short ft fte issue 
ftdude VAT * 175% (except sems marked NV whch are rased * 0%) and 
are vald between 3rd December 1993 and 28ft February 1991 Pnces shown 
do not ftdude marf order postage and banting charges, wneh are levied * fte 
curem rates ftdeated on fte Order Coupon ft ft» ssue 


Technical Enquiries 

> you have a technc* enqury retong to Mapin projects components and 
products featued ft Becomes fte Customer Technc* Sendees Department 
may be able to help You can ottar hep n sever* ways: over fte phone. 

T* (0702) 556001 between $m and 4pm Monday to Fnday e*oept pubic 
hofctays. by sendng a taesrie Fa* (0702) 553935 or by wrong to Customer 
Technc* Servees. Mapin Electroncs PLC.. P.0 Bo* 3 Rayieqh Essex. SS6 
SLR DonI forget to ndude a stamped seif addressed envelope * you want a 
written reply' Customer Technc* Servees are enable to answer enqunes 
reiatng to fwd-party products or components when are not sorted by Mapm 


Get You Working' Service 

I you g* oo m plet*y su> w» you project and you are treble to gen working. 
t*e advantage d fte Mapin Get You Workng Service Ths serve* e avaiabie 
for al Mapm kus and projects w*h fte exceplonoh Data Fies projects not but 
on Mapin ready etched PCBs proiecS buff w*i fte mponry of components not 
supped by Mapin. C*cul Maker deas. Mn Ooxts or other smiar buttng 
ooo and apptcaKn carcufc. To take advantage ot fte service, return the 
competeto RetunsDeparmen MapinBeceoncsPLC.PO Bo* 3 
Rayiegh. Esse*. SS6 SLR Endoee a cheque or Post* Oder based on fte pnoe 
of ft* Was shown n fte table oetow (fTwrun Cl 7) I fte taul 6 due to any 
error on ou perl fte projed ** be repared tree of charge I fte laui 8 due any 
error on you pan you wi be charged fte standard serveng cost {Ajs pens 


KJt Retail Price 

Standard Ser 

up to £24 99 

£17 

£25 to 09 99 

£24 

£40 to £59 99 

£30 

£60 to £79 99 

£40 

£80 to £99 99 

£50 

£10010 £149 99 

£60 

Ow£l50 

£80 rrwwrvn 


Readers Letters 

We very rruft regr* ft* fte edton* team are uiatte to answer technc* 
queries ol *ry krto however we are very pleased to reeswe ya/commeres abou 
Electroncs and suggesaons tor projects ie*ues senes etc. Due to fte sheer 
voUne of letters reemed we are j*nna*i inaow to reply to every letter 
however every ieoer 6 read-you tme and opnon e greaffyappreoaaed LeQBrs 
d panaAar rtaresl and s^nicance may be publshed * fte Ediors dscreion 
Any correspondence not raended tor publcaaon rttosi be dearly marked as such 


Maplm Magazine January 1994 


2 

















TECHNOLOGY 




Telephone systems are undergoing a 
small (well, pretty big really) change at 
the moment. It only needs the examples 
of many of the large banks’ automated 
telephone banking services to see what I 
mean. You are given a telephone number 
to call, a PIN number to identify you. maybe 
a password (which could be your account 
number, say) and hey presto, you've got 
an electronic at-a-distance banking service 
which lets you check your account balance, 
pay bills, and maybe order a new cheque 
book. For the user, operation is quite simple 
if a little impersonal; an automatic voice 
message asks you to key in numbers 
on your telephone's keyset to access the 
services you want. Alternatively, you may 
be able to speak to the service if it can 
recognise voice too. There are many other 
examples of similar systems - automatic 
answering services, information desks, 
service engineer call-out systems and so 
on - which all use the same technology. 

Such systems are only the first in a 
long line which combine telephones and 
computers. What we see happening is, in 
fact, just the beginning. There'll be more 
to come, as more and more companies 
see the supposed benefits of automating 
previously people-intensive services. 

In reality, the service is a fairly 
straightforward combination of computers 
and telephones, known under various 
acronyms such as. CTI (computer 
telephony integration), CIT (computer- 
integrated telephony), ATS (automated 
telephone service), and IVR (interactive 
voice response). Doubtless many more 
acronyms will emerge as the technology 
progresses. Whatever the acronym, though, 
whatever the combination of computer and 
telephone, they all have a single main 
function - that of voice processing, where 
the recorded voice message is actually 
digitised and stored on computer disk, and 
where the user’s voice is either similarly 
stored or recognised by the computer as 
having a specific meaning. 

By considering this main function, we can 
therefore see that there are only three main 
derivatives of any such system; 

1. Automated attendant - in which users 
are greeted with a voice message Good 



with Keith Brindley 

examples are speaking clocks, train or bus 
timetables. 

2. Voice mail/messaging - in which 
users have a personal voice mailbox. This 
operates just like a standard telephone 
answering machine does, except that your 
outgoing message is digitally stored on a 
computer, as are all incoming messages. 

3. Voice or keyed response - in which 
users can access features within the 
system by speaking (sometimes) or keying 
in access numbers. Features vary but 
several standard types exist: obtaining or 
leaving voice messages, electronic routeing 
to departments within the organisation, 
retrieval of account information, access to 
leave a sales order, and so on. Indeed your 
favourite component supplier, Maplin, has 
such a system, called Keycall. where you 
can check stock levels and place your 
order. 

Such systems have developed elsewhere 
in the world far faster than they have in the 
UK. Indeed, we lag several years behind 
some countries. This is because of the very 
low penetration of touch tone telephones 
here, which are needed to access such 
systems if they're not capable of voice 
recognition. To date not many systems 
have had voice recognition capabilities as 
this is still a largely flaky computer area - 
although rapidly improving. Basically, if 
customers can’t access a service there’s 
little point in having the service in the first 
place. But things are slowly changing, 
more and more people in the UK are buying 
touch tone telephones and the current 
figure (20%) of homes with a touch tone 
telephone is rapidly getting bigger. Couple 
this with the hse of better voice recognition 
capabilities in computers and, as a direct 
result, we re going to see a big rise in these 
systems over the next couple of years. 

I have very mixed feelings about this. 

I mean, I like and use telephone banking 
services, even though the quasi-human 
automatic messages and responses grate 
on me. I detest any form of telephone 
answering machine (even the common 
household vaneties) and would rather leave 
no message at all than blurting out what I 
want to say after the tone yet, in the same 
breath, I positively abhor being put on hold 


with junk MuzakS to pacify me. In the end, 

I guess it all boils down to the fact that such 
services (all such services, of whatever 
type and ability) are inevitably highly 
impersonal. While I enjoy using a machine 
like my computer for what it’s worth (an 
expensive tool, no more no less), I have 
no desire to treat it as an equal by talking 
to the damnable thing and worse, it ‘talking’ 
back. Don't get me wrong, I'm no Luddite - 
far from it - there's few who advocate and 
use technology any more than me. Any 
regular reader of mine will know that, it's 
just that I don't get on with electronic 
appliances quite the way I do with people. 
Neither do I want to. To me, a tool's a tool; 
and a person’s an individual. 

I suspect there are many people like 
me (indeed. I hope there are many like 
me) who feel the same way. If so, all these 
companies who are installing computer- 
integrated telephone systems with the idea 
of jumping on the automatic telephone 
service bandwagon may be about to get a 
big jolt if the wagon has no springs. It’s not 
known yet how these services' introduction 
will affect customer satisfaction. It’s 
certainly not known yet how they will affect 
a company’s sales. Maybe they will have 
an adverse effect on both. Maybe what 
customers really want is personal service. 
Keying in numbers to get your bank 
account details is much removed from 
grappling with an electronic switchboard 
when you phone for customer help. See 
that nail? When I nod my head, you hit 
it with the hammer. 

The image of the computer Hal in 
Arthur C. Clarke’s classic 2001 - A Space 
Odyssey frightens me. Yet, we’ve only 
got seven years left so let's not get earned 
away with this particular field of technology 
and make the image turn to reality. It’s 
an interesting paradox, but one way of 
ensuring companies understand that 
personal services are still wanted by 
customers, is for customers to write, 
as well as phone. Maybe, on a point of 
principle, we should all do it (write, that is!) 
sometimes. Perhaps Maplin have got the 
right idea, since they offer both traditional 
human and automated computer answering 
systems! 


— {Wi w;rn mxm MKTl 
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IBM PC BASED 
ELECTRONICS 
PRINCIPLES 


Reviewed by 
J. R. Mosely 



Above: ‘Electronic Principles’ main menu. 
The software package was conceived and 
written by Clive Humphris. 


Below left: The transistor construction 
screen, part of the transistor theory topic. 
Below right: One of the several interactive 
screens on AC theory. 


T he software is supplied on three 
3V 2 in. high density (HD) disks 
(l-44Mb), and sets out to explain the 
basic fundamentals of electronics. To run 
the software you will require an IBM PC 
or compatible machine with an EGA/VGA 
graphics card, a hard drive with at least 
3-5M bytes of free space and, preferably, a 
mouse. In addition a colour monitor will 
be required for best results. 


from 

E.P.T. 

Educational 
Software 


INSTALLATION 


Installation is very simple. Disk 1 is 
inserted into the appropriate Vkin. drive 
and ‘install’ is typed at the relevant drive 
prompt. Installation is very quick, and 
when completed the program is ready for 
use immediately, as no additional setting 
up is required. 


THE PROGRAM 


As the opening introductory screen points 
out, the package is made up of a series of 
programs’, having between them over 200 
menu driven user screens with fully 
interactive graphics. This ‘learning 
through doing’ approach encourages 
experimentation. It is possible to exit the 
introduction screen at any time, and this 
will take you to the main menu screen. 

You can now select one of the 19 
programs’ by either pointing and clicking 
the mouse, or bv keying in the highlighted 
letter in the menu option required. The 
fact that they are individual programs is, 
however, transparent, they actually behave 
like subsections of the main menu. 
Together the 19 submenus cover subjects 
as diverse as insulators, conductors and 
properties of resistance, through AC and 
DC circuits, frequency related subjects, to 
diodes and transistors, logic gates and 
operational amplifiers. The submenu is 
then further subdivided into an 
introduction and various topics that cover 
all aspects of the chosen subject. 

As an example, the main menu option 
‘Frequency and Timed Circuits’ has nine 
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topics including an introduction. The 
other eight topics include: Frequency and 
Wavelength: Resonance: Series Circuit 
Resonance: Parallel Circuit Resonance; ‘Q‘ 
of a Tuned Circuit; Tuned Circuit 
Bandwidth; Coupling Tuned Circuits; 
Acceptors and Rejectors. Again, the 
introduction gives a concise and 
informative overview of the selected 
topic. In this instance, a topic can be 
selected by either placing the mouse 
cursor on it and double-clicking, or 
clicking once and then clicking on 
*< OK >’ at bottom left, or by using the 
menu bar. The menu bar is activated by 
pressing the ‘tab’ key (normally twice to 
get the cursor into the menu window), and 
then using the cursor arrow keys to put the 
bar on the desired topic, which is then 
selected by keying ‘Enter’. 

There may be more options in the list 
than can be accommodated in the menu 
window on the screen, in which case it is 
a simple matter to scroll the bar up or 
down the list to reveal the other options. 
This can also be done by clicking with the 
mouse on the up and down arrow 
symbols on the right-hand edge of the 
menu window. 


The topic screen is normally divided into 
a graphic display area, a results area and the 
text area (the bottom third of the screen). 
The descriptive text is concise and 
informative and is generally more than 
adequate. In most cases, you are invited to 
insert your own values, with the results 
displayed in the relev ant box. Values can be 
inserted in their usual forms, for instance. 
1500ft can be input as 1500, lk5 or l*5k. 
You then have the option to select a screen 
that will display the actual calculation 
if you wish, or to repeat the calculation 
with different values. The experienced 
electronics engineer and/or designer may 
well find this facility useful for calculating 
circuit parameters for their own designs. 

The package is very easy to use and will 
provide the student, or novice, with a 
more enjoyable alternative to a ‘bland’ text 
book. It certainly makes learning 
Electronics a lot more interesting! 
Graphical representation is extremely 
good with waveforms being produced 
particularly well. The various photo¬ 
graphs show the range of useful topics, 
from resistor colour codes to sine wave 
analysis. Students will find the ability to 
check calculations a very useful feature. 


CONCLUSION 


The package would be ideal for schools 
and colleges that are offering Electronics or 
related courses at various levels and a 
small work book, written by Mike Tooley, 
accompanies the package. The package 
costs £49.95 plus £2.00 post and packing, 
and can be obtained by directly contacting 
E.P.T. Educational Software, ‘Pump 
House’, Lockram Lane. Witham, Essex 
CM8 2BJ, Tel: (0376) 514008. A demon¬ 
stration disk is also available for £2.00. 

A further useful utility, ‘Electronics PC 
Toolbox’, is also available which 
comprises over 100 commonly used 
formulae and routines. It operates in a 
manner identical to the ‘Principles’ 
package and is also supplied on a 3V 2 in. 
HD disk. Again installation onto a hard 
drive is possible if desired, or the utility 
can be run from the floppy. To use, a 
formula is selected from the menus, the 
desired values keyed in and the results are 
instantly displayed. The ‘Toolbox’ can be 
obtained from E.P.T. Educational Software 
at the above address, price £14.95 plus 
£1.00 post and packing. 




clowd loop Mill equal the source voltaye. Here the circuit cmpmes of 
too loops A I. The fomilae Mill find UA «d t* K is comk* lo 
circuits having opposing current directions which cancel leaving their 
sue Individual voltage irons are calculated hy He's Lae 


Above: An interactive screen shotting current 
versus voltage vectors in an RC circuit. 

Above right: Demonstration of Kirchhoff’s law. 
Right: An example of a complex logic array. 
Again it is interactive and you can enter 
various binary codes which will he converted 
by the array into BCD while you watch. 


The introduction that accompanies the 
selected submenu gives a brief overview, 
and is aimed primarily at the beginner and 
novice. However, it does provide a handy 
refresher for the more experienced 
electronics enthusiasts. After you have 
read the introduction you can then select 
one of the topics. On selecting a topic it 
becomes apparent that a colour monitor is 
desirable, as colour is used extensively to 
distinguish between different frequency 
sine waves, for instance. 
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PCMCIA Drive 

As the computer industry standardises 
on the PCMCIA interface for removable 
peripherals, disk dnve manufacturers 
are battling to develop the dnve with the 
largest capacity 

Maxtor claim to be leading the way 
with the MXL 105-HI. a 105MB. 1 8m.. 
drive that is more than double the 
capacity of other PCMCIA drives 
the size of a credit card and weighing 
just 2 5 ounces, the removable dnve is 
designed for use in notebook, portable 
and desktop computers 
Since removable data is the preferred 
storage solution for applications 
requiring data secunty. the MXL-105-111 
features a patented security system 
with password protection to prevent 
unauthonsed users from accessing data 
Intelligent power management 
features keep power consumption to a 
minimum. Less than 2W are used in the 


dnve s read/wnte mode, decreasing to 
0 025W in standby mode Contact 
Maxtor (071) 831 4890 



Payphone Protection 

BT is to begin trials of a unique alarm 
system to help protect its payphone theft 
attacks costing millions of pounds 
Telephone kiosks are to be monitored 
by audio and visual alarm technology 
provided by Modern Securities Limited 
The alarms can actually see and hear 
attempts to break into cash 
compartments and send pictures or real¬ 
time audio confirmation over the 
telephone line to Modern s 24-hour 
central monitonng station 
‘Confirmation of the occurrence of a 
crime is essential to the projects 
success’, explains Mr Adrian Casey, 
national accounts general manager of 
Modern Secunty Systems "It allows us 
to notify police of an offence in progress 
with a high degree of reliability." 

Tnals are to begin shortly at 50 test 
sites Preliminary tests at a small 
number of selected payphones have 
already shown encouraging results In 
two incidents, verified alarm signals 
forced offenders to flee abandoning 
tools they were using to try to attack 
cash compartments 


WordPerfect - The Next 
Generation 

The WordPerfect Corporation is about to 
launch WordPerfect 6.0 for Windows, the 
next version of its Windows-based word 
processor The package will offer 
complete customisation enabling users of 
the DOS version to make the transition to 
the Windows environment 
■\Ve have completely rewritten ail of the 
WordPerfect software to give users the best 
in Windows word processing’, says Mr 
Alan Ashton, president of the WordPerfect 
Corporation "Wtuaity every feature of the 
product has been improved or enhanced m 
some way as a result of thousands of user 
requests, feedback from focus groups and 
extensive usability testing * 

WordPerfect 6 0 will require a 386 
machine or higher and at least 4MB The 
complete package will retail at £329 
Contact WordPerfect (0932) 850505 


C80m Wind Farm for 
Northumberland 

An £80 million wind farm, approved in 
pnnciple by Northumberland County 
Council and the Countryside 
Commission, is now awaiting consent 
from energy minister Mr Tim Eggar 
Claimed to be the largest wind 
generation project outside California. the 
wind farm is expected to be built next year 
at KiekJer Forest. Northumberland, eight 
miles from Hadrian s Wail The consensus 
of the countryside commission now 
makes government approval likely, which 
means that the wind farm could start 
generating by 1995 
The farm will consist of between 160 
and 267 wind turbines up to 170ft high 
depending on the energy capability of 
individual devices Developers estimate 
the farm would feed up to 80MW of 
electricity into the electrical gnd - 
enough electricity for 48.000 domestic 
homes or equivalent to half of 
Northumberland s needs 


Satellite Data 

Fans of Martin Pipe s regular satellite 
jottings may be interested to hear about 
I the latest edition of the Satellite Channel 
Report. 

Containing information gathered from 
tracking stations around the world, the 
new A4 volume covers alignment data, 
video and audio channel information, 
frequency and encryption methods for 
satellites across Europe. Afnca and the 
Middle East 

The comprehensive guide is compiled 
and updated monthly ensunng readers 
obtain the latest available information 
This compares favourably with other 
satellite magazines where preparation 
lead times can be up to three months 
meaning information is often out of date 
before it reaches its readers 

The 80 page report compiled by Mr 
W. T Smith, costs £15.00 and is 
available exclusively from Swift 
Television Publications Contact Swift 
Television Publications (0793) 750620. 


Seeing Double 

Developed by Datapath, TWINdows is a 
dual screen driver for use with the 
Microsoft Windows based PC platform 
It is essentially a hardware solution that 
will allow multiple graphics cards to run 
simultaneously in the same machine 
doubling Windows workspace across 
multiple screens 

Capable of driving two 1280 by 1024 
pixel screens. TWINdows allows two 
applications to be viewed full size 
simultaneously This enables an 
operator to use a word processor on one 
screen for example, and a spreadsheet 
or graphics package on another Using 
TWINdows. images from one package 
can be transferred to the other without 
minimising either application Contact: 
Datapath (0332) 294441 


Mobile Warning 

Telephone users be warned. 
Vodaphone has reduced the time 
allowed for a call to and from a mobile 
phone to be deemed successful from 
four to two seconds Customers should 
be vigilant and check their itemised bills 
for these sub-five second calls 
A complaint directed towards 
Vodaphone would seem appropriate, but 
expect the reply we received. 

other mobile phone operators 
do not offer any connection period before 
charging commences" True, but in the hght 
of Vodaphone's recent charge reductions 
to meet improved competition it seems just 
a little tight-fisted 


Mountain Fax Back 

A Lake District mountain rescue team 
have made a valuable technological 
addition to their life-saving equipment 
The Langdaie and Ambleside crew now 
pack a mobile fax machine in their kit 
whenever they are called out to a fell- 
side accident. 

The 40 members of the team who are 
all medically trained, also take heart and 
respiratory monitoring equipment that 
can provide precise details of an 
accident victims condition within 
seconds Readings are then sent via fax 
to a hospital in Barrow in Furness where 
a consultant can study information and 
relay back advice on treatment. 

The machine has already proved its 
worth A woman who suffered a heart 
attack 2.000ft up Langdaie Fell was 
treated on the spot, under the direction 
of a hospital-based consultant. 


Tiny Data Logger 

Onon Components of Chichester have 
launched Tmytalk. a miniature, low-cost 
self-contained data logger 

The first model in the range is the Tiny«, 

Temp, a temperature logging version that 
will log local temperatures in virtually anv 
situation - in a washing machine in a 
freezer tony or a humidity oven 
The self-contained data logger will fh 
inside a splashproof case the size of a 
35mm film canister and weighs just 28a 
The -39*C to ♦ 123°C has the widest raroe 
and a resolution of 0 16*C at 15*C and is 
optimised for water monitonng. while the 
-37*C to +46°C version has a resolution of 
0 26°C at 0 # C suitable for perishable 
products and shipping temperatures 
Its non-volatile memory stores 1800 
readings that can be taken at intervals 
between 0-5 seconds and 4 0 hours 
giving logging durations of 15 minutes to 
a day respectively 
Tinytalk data loggers are launched 
interrogated and data plotted using host 
software on a PC. A launch dialogue 
box. allows selection of the sample 
duration and entry of a text block used 
to describe data There is also the 
choice of what to do when the memory 
is full - either stop recording the data, or 
overwnte existing data 
Off-loaded data is immediately 
displayed as a graphical plot Sections 
of the plot can then be expanded to give 
greater resolution, any of these plots can 
then be sent to a printer. The host 
software can also produce spreadsheet 
output in both Excel and Lotus 1-2-3 
formats Contact: Orion Components 
(0243) 778088 


Maplin Empire Expands 

The number of Maplm shops increases 
by four, located at Northampton. Milton 
Keynes. Stockport, and Cheetham Hill in 
Manchester. The new Stockport and 
Manchester shops are already open, 
while the Northampton shop is due to 
open on the 29th November 1993. and 
Milton Keynes on 6th December 1993 
Addresses are Northampton Shop: 139 
St. James Road. Northampton. NN5 5LE, 
Tel: (0604) 756726 Milton Keynes Office 
World Building. Unit 1. Grampian Gate. 
Winter Hill. Milton Keynes. MK6 1BD. Tel 
(0908) 692720 Stockport: 259-261 
Wellington Road South. Stockport. SK2 
6ND. Tel: (061) 480 4900 Cheetham HiM: 
169 Cheetham Hill Road. Cheetham Hil. 
Manchester. M8 8LG. Tel: (061) 832 2550 



650MB CD for 
Multimedia Applications 

Memory technology this month 
announced the launch of CD Shuttle, a 
portable CD ROM drive, that provides 
customers with cost-effective multi- 
media capability. The new drive joins 
the Shuttle range of portable penpheral 
storage devices that include DAT and 
magnetic-optic products 
The 650MB read-only dnve has two 
data transmission speeds - 150K- 
Bytes/s and 300K-Bytes/s - and 
attaches to any PC port interface or host 
adaptor Other features include Kodak 


Photo CD and multi-function XA support 
as well as full multimedia compatibility 
"Not only is multimedia taking off 
rapidly, but the market is expenencing 
considerable growth in software house, 
distributing operating systems, 

applications and reference matenal on 
CD ROM The CD Shuttle offers a 
simple means of utilising this technology 
on existing systems in the office or on 
remote PCs without large-scale 
hardware upgrading*, says Mr Alan 
Jones. Managing Director of Memory 
Technology Contact: Memory 

Technology (071) 831 4890 
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Young Woman Carries 
Off Top Engineering 
Award 



BBC Commences DAB 
Trials 

The BBC has begun engineering 
tests of Digital Audio Broadcasting 
(DAB) using high-power transmitters 
in the London area, to enable research 
to be carried out on the coverage 
aspects of DAB 

Currently one lOkW transmitter 
at Crystal Palace is in operation, 
together with three other IkW 
devices at Alexandra Palace. 
Reigate and Wrotham The trans¬ 
mitters will be operating on the same 
VHP frequency - 226MHz. and 
have been borrowed from the Harris 
Corporation for the duration of 
the tests. 

Specially equipped survey vehicles 
will be measuring the field strength 
of the individual transmitters and 
the way in which they work together 
to form a single frequency network. 
It is anticipated that in the UK 
a number of national and local 
DAB services will broadcast terrestnally 
using DAB frequencies Following the 
completion of the test the BBC 
expects to produce detailed proposals 
for the introduction of DAB throughout 
the UK. 

DAB is an entirely new radio 
broadcasting system, that will offer 
reliable reception with high quality 
sound, to a new generation of mobile, 
static and portable radio receivers. 
The system has been tested through¬ 
out Europe to widespread acclaim, 
having been first demonstrated 
publicly in the UK at the Radio 
Festival. Birmingham, in July 1991. 

The BBC is the sole UK member of 
the Eureka 147 Project which is 
developing the DAB system. The 
consortium includes broadcasters, 
research establishments and receiver 
manufacturers thus ensunng all aspects 
of development are covered 

January 1994 Mapim Magazine 


A 16-year old woman has earned off the 
title of ‘Young Engineer for Bntam 1993 
It is the second year running that a 
young woman has won the distinguished 
award 

Lucy Porter, of Bath, won the coveted 
trophy, a £500 personal prize and 
£1,500 for the purchase of engmeenng 
equipment by her school. She also 
carried off The Engineering Council's 
Woman Into Science and Engmeenng 
(WISE) award of £500 for the best 
project by a young woman 

Lucy won the awards by inventing a 
leg swing exerciser for children with 
special needs, who are not able to use 
their legs She plans to be an engineer 
and after winning the award said. 
'Engineering is really addictive. It is 
so satisfying to design and make 
something which can solve a problem." 

Lucy was one of 53 national finalists, 
aged 15 to 19. competing in the national 
final of the competition organised by the 
Engineering Council. They had been 
selected at 12 regional events from a 
record 970 young people who had 
competed for pnzes totalling £20.000 

Presenting the awards. The Lord 
Mayor of London, Sir Francis 
McWilliams, feoq. said, 'It is highly 
appropriate that the final of the Young 
Engineers for Britain competition is 
taking place in the city of London, one of 
the oldest and most important business 
centres of the world 

“That fact should serve to remind us 
that the worlds of engineering and 
commerce, often portrayed as remote 
from each other, are in fact inextricably 
linked. Quite simply trade, banking, 
insurance and alt the various business 
operations carried out in the City of 
London ultimately depend upon and 
derive their justification from the 
manufacturing and construction 
industnes." 


Speaking Science 

Earlier this month Professor Stephen 
Hawkings opened the Soence Museum 
exhibition Speak to Me The exhibition, 
sponsored by Nuclear Electric pic. explores 
the role of new technologas m improving 
communication for people with dsabAbes 
As a sufferer or motor neurone cisease - a 
rare wasting cordfton of the nervous system 
- Professor Hawking s only means of 
communication is via a speech synthesizer 
operated by two fingers of his left hand 
Special features of the exhibition 
include: the speech synthesizer 
Liberator' which uses pictures instead of 
letters, a speaking hand that translates 
the Deafblmd Alphabet into synthe¬ 
sized speech: and holograms which 
demonstrate British Sign Language 
The exhibition is part of the Science 
box series of exhibitions on con¬ 
temporary science and technology and 
is open to the public until January 1994 
Opening Times: 10.00am to 6 00pm 
Monday to Saturday. 11 00am to 6.00pm 
Sunday Cost Adults £4.00. Children and 
Concessions £2.10. Time Required A full 
day to see all exhibitions 


Left in the Dark 

Occasionally an innovative product 
is launched, with a concept so simple 
that engineers, designers and 
technicians are left wondenng how they 
ever let the idea slip by This month 
Onon Electronics will leave many deep 
in thought 

Troubled with visitors trying to locate 
their building in the dark, the company 
has launched Numberlite By day 4m. 
black digits on a white background identify 
the building, while at night the numbers 
automatically light up in bright red. 

The patented system is modular so any 
number can be made up from ndMduai cigrts 
Numberlite operates from a 24V supply, 
powered from 240V mams Contact: Onon 
Electronics International Lid (061) 650 1126 


Top Flight Awards 

Nearly 3.500 schools and further 
education colleges throughout the UK 
will shortly be receiving details of a new 
initiative to encourage high-achieving 
students into accredited engineering 
degree courses 

The Top Flight bursary scheme will 
provide suitably qualified students with 
£500 per year in addition to their 
maintenance grants for the duration of 
their undergraduate courses. 

Students embarking on engmeenng 
degree courses in the Autumn of 1994. 
1995 and 1996 will be eligible to apply 
for the bursary providing they have 
A-level grades of AAB or equivalent. 

Altogether £10 million of funds has been 
provided by the Department of Education 
for this scheme, which will be ad¬ 
ministered by the Engmeenng Council 


Commenting on the bursary awards. 
Mr Tim Boswell. Parliamentary Under¬ 
secretary of State for Education, said. 
“By seeking to encourage high calibre 
students into engmeenng this scheme 
will raise awareness of the value of 
engmeenng and ultimately help British 
industry compete more successfully in 
world markets ’ 

Up to 2.000 students a year are 
expected to qualify for the bursanes and 
applications will be accepted from 
students attending both sandwich, part- 
time and full-time courses 

If you think that you might qualify for a 
bursary contact your school or college 
headteacher who should have details of 
the scheme. Alternatively call the 
Engineering Council for more 
information. Contact: The Engmeenng 
Council (071)240 7891. 


One of the mam aims of both hardware 
and software producers when they are 
planning and developing new products 
is to fulfil the users perceived 
requirements, but in pursuing these 
ends the insignificant often gets 
overlooked. 

For example, we only have to look no 
further than the computer desk top. It now 
seems after many successful years of use 
that the layout of the keys on a keyboard 
can be used more efficiently if they are 


rearranged We also have the crazy 
situation where the brand of a mouse is 
often more popular than its design 
Insignificant? Well no. both keyboard 
and mouse have been cnticised of late 
as causes of the crippling condition, 
repetitive strain injury (RSI). 

Assman Electronics revolutionary 
concepts for their new mouse were 
derived from ergonomic studies 
These were then used to 
determine not only the very 
different shape but also the way in 
which the mouse functions. These 
ideas are now combined m a single 
unit, a mouse called Digitus which you 
use with your thumb - only used until 
recently to manoeuvre the mouse 
The design of Digitus cradles the hand 
m a natural resting position, allowing the 
user to operate the mouse for long 
periods without experiencing the 
tiredness and cramp that often 
accompany infenor products. 

The two button mouse is compatible 
with Microsoft. Mouse Systems. IBM 
and PS2. It works accurately with all 
DOS systems higher than version 3.00 
and is priced at £32.90. Contact 
Watford Electronics (0923) 244398 



DIARY DATES 

Every possible effort has been made 
to ensure that the information 
presented here is correct prior to 
publication To avoid disappointment 
due to late changes or amendments 
please contact event organisers to 
confirm details 

Until 30 January. Speak to Me 
Exhibition exploring the role 
technology might have in improving 
communications for people with 
disabilities. Science Museum, 
Exhibition Road. London Tel: (081) 
938 8000 

7 to 8 December. World Telecomm¬ 
unications Conference. Financial 
Times Conference Organisation. 
London Tel: (071)251 9321 

8 December onwards. Handle with 
Care First public access to the 
restored 1830 railway warehouse. 
Museum of Science and Industry. 
Manchester Tel (061) 832 2244 

11 December. Children s all-night 
camp-in at Science Museum. 
Science Museum. Exhibition Road. 
London Tel: (081)938 9785 
13 to 15 December. 7th IEE 
European Mobile Personal 
Communications Conference. The 
Brighton Centre. Brighton Tel: (071) 
240 1871 

18 December. Crystal Palace & 
District. Radio Club Chnstmas Social. 
Video/Film Show at 7 30pm. All 
Saints Pansh Church Rooms. Beulah 
Hill. Upper Norwood. London SE19. 
Tel (081)699 5732 


22 December. Wirral and District 
Amateur Radio Club. Chairmans 
Night, Chairmans Surprise Talk at 
8.00pm at Irby Cricket Club. Irby. 
Wirral Tel: (051) 648 5892 
1 to 8 January. Model Engineer & 
Modelling Exhibition. Olympia Grand 
Hall. London Tel: (0442) 66651 
12 to 15 January. BETT - '94 Bntish 
Education. Training & Technology. 
Olympia National Hall. London. Tel 
(071)404 4844 

15 January. Crystal Palace & District 
Radio Club. QRP (Low Power) Home 
built Radio Equipment by Wayne 
Dillon, 7.30pm. All Saints Pansh 
Church Rooms. Beulah Hill. Upper 
Norwood. London SE19. Tel: (081) 
699 5732. 

26 January. Wirral and District 
Amateur Radio Club. Surplus 
Equipment and Junk Sale at 8 00pm 
at Irby Cricket Club. Irby. Wirral Tel: 
(051)648 5892 

26 to 27 January. Virtual Reality 94. 
Olympa 2. London Tel: (071) 931 9985 

29 January to 2 February. Bntish 
International Toy & Hobby Fair. Earls 
Court 2. Tel: (071)701 7127. 

30 January to 2 February. European 
Lightshow. Earls Court. London Tel 
(0952) 290905 

Please send details of events for 
inclusion in Diary Dates' to: The 
Editor. Electronics - The Mapim 
Magazine, P O Box 3 Rayleigh, 
Essex SS6 8LR 
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‘Data Files’ are intended as ‘building blocks’ for 
constructors to experiment with and the components 
suggested, provide a good starting point for futher 
development. 


ULN3390T 
Twilight Switch 

This useful module owes its small size 
and simple construction to the use of a 
specialised optoelectronic IC. Designed 
for use in twilight sensing applications, 
emergency and outdoor lighting, the 
ULN3390T optoelectronic switch is a 3-pin, 
monolithic integrated circuit containing 
a photodiode, a low-level amplifier, 
comparator, voltage regulator and 
output driver. The comparator is 
. fabricated to give the sensor 
Ph. a typical built-in hysteresis 

value of 50%. 


F igure l shews a 
simplified block 
diagram of the internal 
circuit, together with the pin¬ 
outs of the device. Note that 
the photodiode preamplifier 
has its own supply regulator. 
The hysteresis action in the 
following stage is simply 
but effectively achieved 
by having a conventional 
comparator alter its own 
reference voltage level 
with a transistor switch 
in the bottom end of the 
reference divider chain. 
Again this stage has its 
own regulator, making the 
threshold points independent 
of supply voltage level. 

With its temperature- 
compensated, threshold trip 
points, protection against 
damage by bright light and 
increased hysteresis values, 
the device represents a 
significant design 
improvement over previous 
optoelectronic switches. 

The sensor is completely 
integrated with supporting 
electronics. This maintains 
stability throughout its 
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Figure 1. Functional block diagram of ULN3390T and pin out. Figure 2. Sensor-centre location. 


working life plus immunity 
to temperature variations 
compared with cadmium 
sulphide cell assemblies, 
requires very few external 
components and has 
calibrated switching 
characteristics. 

Figure 2 indicates the 


position of the photosensitive 
area in relation to the body 
of the device. A graph of the 
spectral response of the 
photodiode is shown in 
Figure 3. The ULN3390T 
switch typically turns on as 
illumination falls below a level 
of 10|iW/cm 2 (at a wavelength 


z 



Wavelength in nanometers 


Figure 3. Spectral response as a function of wavelength of light. 


of 880nm). The internal 
hysteresis then prevents 
deactivation until illumination 
exceeds the 20pWcm 2 level. 
Table 1 shows the essential 
electrical characteristics for 
the device, where output 
saturation voltage and 
leakage current refers to the 
open collector output switch. 
Also, while the IC is limited 
to a supply voltage of 
16V maximum, the output 
switching transistor is 
rated higher, as shown in 
Table 2. 

Circuit 

Description 

The essential circuit diagram 
of the Twilight Switch module 
is shown in Figure 4. Thanks 
to the ULN3390T IC, the circuit 


is very simple and mainly 
consists of the extra power 
supply and output 
components in addition 
to the IC. 

To make the module as 
simple to use as possible, the 
output switching is performed 
by a relay, RL1. This provides 
normally open, normally 
closed or changeover 
functions and allows total 
electrical isolation between 
the sensor circuit and the 
controlled circuit. The ULN3390T 
is quite capable of driving the 
relay directly but, m order to 
increase flexibility, two extra 
transistor stages are included 
to allow inverted or non- 
mverted operation of the 
relay, depending on the 
position of link LK1. 


Symbol 

Value 

Supply voltage: Vex: 

25V 

Output voltage: Vout 

25V 

Output current: Iout 

25mA 

Operating temperature range: Ta 

-40 C to +85 C 


Table 2. Absolute maximum ratings of output transistor. 


Characteristic Symbol Test conditions Limits 


Supply voltage range. 

Vcc 

Operating 

Min 

40 

Typ 

Max 

16 

Units 

V 

Supply current: 

Ice 

E>Eoff 

- 

30 

10 

mA 

Output saturation voltage: 

VoUT(Ml) 

Iout = 15mA, E<6|iW/cm 2 

- 

300 

500 

mV 

Output leakage current: 

Iout 

Vout = 15mV E>Eoff 

- 

01 

10 

HA 

Output nse time: 

tr 

10% to 90% 

- 

200 

500 

ns 

Output fall time: 

ti 

90% to 10% 

- 

200 

500 

ns 

Light threshold level: 

Eon 

X = 880nm 

60 

10 

14 

|iW/cm 2 


Eoff 

X = 880nm 

- 

20 

- 

pW/cm 2 

Hysteresis: 

AE 

(Eorr-EoN)/EoFF 

45 

50 

65 

% 


Table 1. Electrical characteristics @ Ta= '♦■25 C, Vc« = 6V. 
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Figure 4. Circuit diagram. 


device and/or cause a solder 
bridge in this area! 

Fit and solder C1, followed 
by C2 ensuring correct 
polarity for this component, 
where the negative lead, 
identified by the stnpe and 
(-) sign on the body, is 
inserted in the hole opposite 
that marked as (+) on the 
legend. Lastly RL1 is fitted and 
soldered in place. Again 
beware of creating solder 
bridges in this area. After 
the PCB has been checked 
for correct placement of 
components and the quality 
of solder joints, this completes 
the assembly of the module. 


The power supply rail has a 
reverse blocking diode D1 to 
protect the circuit against any 
accidental reversed supply 
connection, followed by 
decoupling capacitors C1 
& C2. Protection diode D2 is 
placed across the relay coil 
to protect TR2 from induced 
EMF transients on switch-off. 
The whole circuit is 
accommodated on a 
tiny PCB measuring only 
41 x 38mm. 

Construction 

Firstly, with reference to 
Figure 5, at this stage, insert 
and solder the five PCB pins 
followed by resistors 
R1 & R4. Then you must 
choose which operating mode 
is required and fit the wire 
link, using one of the resistor 
offcuts. To energise RL1 on 
the ‘light to dark’ transition 
(relay active while dark), all 
components are required and 
the wire link is fitted in 
position ‘B\ This option will 
offer the lowest power 
consumption in the OFF 
(light) state. For applications 



Input 

Action 

(KL1) 

Link 

(LK1) 

Supply current 

Light to dark: 

ON 

B 

43 8mA @ 12V 

OFT 

A 

15-9mA@ 12V 

Dark to light: 

ON 

A 

21-4mA @ 12V 

OFT 

B 

5 3mA@ 12V 


Table 3. Specification of prototype. 

which need to activate the 
relay on a ‘dark to light’ 
transition, TR1, R2 & R3 are 
not required and can be 
omitted, the link being fitted 
in position ‘A’. This results m 
very similar supply current 
drains for both ON (light) and 
OFF (dark) states. (Figure 7 
shows the differences between 
the two options in more 
detail.) 

Fit and solder diodes 
D1 & D2, noting that the silver 
band at one end of the black 
body of each diode must 
correspond to the white stnpe 
on the legend. You can then 
fit R2, R4 & TR1 if required, 
followed by TR2. To fit the 
Twilight Switch IC, OP1, first 
identify the top surface (with 



the help of Figure 2), and 
bend all three leads down 
to an angle of 90° at a distance 
of 3mm from the edge of the 
package. Insert these through 
the PCB until OP1 is flat on the 
legend side, then bend over 
and solder the three leads on 
the trackside. Be extremely 
careful not to overheat the 


In Use 

Table 3 indicates the typical 
current consumption of the 
module m the two different 
modes of operation for the 
two states. If it is mtended 
to be battery powered then 
the inverting option (link in 
position ‘A’) offers the least 
power drain during the dark 
period, while the non¬ 
inverting option (link in 
position ‘B’) offers the least 
during the light period. The 
relay contacts, which are 
single-pole changeover, 
can be connected to make 
or break when energised as 
appropriate. This is illustrated 
m the wiring diagram 


To +12V 



Make 

contacts 



Break 

contacts 


fr 


O NC 

oc 

O NO 


Figure 5. PCB legend and track. 
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Figure 6. Wiring diagram. 
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Fitting link ‘A’ 


TS1 



Fitting link *B* 


TS1 


□ 


R1 




RLJ 

a 


ONO 


D2 /^ V -OC \ 

: 5 -:—onc 





TR2 


|C2! 



-oov 


Figure 7. Circuits and component legends for the two build options. 


Figure 6, along with the 
supply connections. 

The circuit requires a 
supply of nominally 12V DC 
at 50mA maximum, but can 
be as high as 16V The relay is 
capable of switching 28V DC 
at 1 A, or 120V AC at 500mA 


(resistive load only), except 
that the close proximity of the 
PCB tracks only allow a safe 
maximum voltage at the 
contact connections of 
50V, which should not be 
exceeded. This arrangement 
is, therefore, NOT suitable 


for mains use! If you wish 
to control mains powered 
devices then the on-board 
relay should be used as a 
‘master’ to operate a higher 
power mains rated relay, such 
as Order Code YX97F. This is 
a SPCO ultra-miniature relay 


capable of switching resistive 
loads up to 10A at 240V AC, 
suitable for lighting or 
appliances up to 2kW (3A 
max. for inductive loads). It is 
a PCB mounted type and has 
a 12V coil with a low current 
consumption of 37mA, 



Twilight Switch PCB 


O +V 


° 0V (LT47) 


O NC 
OC 
O NO 


To +12V 

of PSU Opto Switch PCB 


N 


+v 


° + V (LP55) 




OC 

o -V 
-v 


To 0V 
of PSU 


The completed Twilight Sensor PCB. 


Figure 8. Connecting Zero-Crossing opto-switch. 
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and so can conveniently 
share the sensor module^ 
supply. 

The PCB has a single M3 
mounting hole, and should 
ideally be mounted at this 
point to a threaded M3 
support pillar. In this way it 
could be mounted behind a 
protective panel or in a box 
with a window for the Twilight 
Sensor IC. 

Figure 7 shows the two 
alternative forms of the circuit 


when the PCB is built as 
described earlier for 
inverting or non-inverting 
operation of the on-board 
relay. Figure 7 illustrates the 
ciicuit with components 
omitted for the link ‘A’ option, 
together with a version of the 
PCB legend showing only 
those components required. 
The version in Figure 7, for 
the link ‘B’ option, shows that 
all the components are 
required. 


TWILIGHT SWITCH PARTS LIST 


RESISTORS: All 0-6W 1% Metal Film 


Rl,3 

lk 

2 

(M1K) 

R2,4 

10k 

2 

(M10K) 

CAPACITORS 



Cl 

100|iF 25V Radial Electrolytic 

1 

(FF11M) 

C2 

lOOnF 50V Disc Ceramic 

1 

(BX03D) 

SEMICONDUCTORS 



Dl,2 

1N4001 

2 

(OL73Q) 

TS1 

ULN3390T 

1 

(CP94C) 

TR1 

BC557 

1 

(0016S) 

TR2 

BC547 

1 

(00140) 

MISCELLANEOUS 



RL1 

Micro Min Low Power Relay 

1 

(DC52G) 


1mm PCB Pins 

1 Pkt 

(FL24B) 


PCB 

1 

(GH63T) 


Instruction Leaflet 

1 

(XU47B) 


Constructors’ Guide 

1 

(XH79L) 

OPTIONAL (Not m Kit) 




20mm Single Pattress 

1 

(YB14Q) 


Blanking Plate 

1 

(HL86T) 


Insulated Spacer M3 

1 Pkt 

(FS36P) 


AC Adaptor Unregulated 300mA 

1 

(XX09K) 


2 -5mm Panel Mount Power Socket 

1 

(JK10L) 


The Maplin ‘Get-You-Working’ Service is not 
available for this project. 

The above items (excluding Optional) are available 
as a kit, which offers a saving over 
buying the parts separately. 

Order As LT47B (Twilight Switch Kit) Price £5.95. 

Please Note: Where ‘package’ quantities are stated 
in the Parts List (e.g., packet, strip, reel, etc.), the 
exact quantity required to build the project will 
be supplied in the kit. 

The following new item (which is included in the kit) 
is also available separately, but is not shown m the 
1994 Maplin Catalogue. 

Twilight Switch PCB Order As GH63T Price £2.20. 


PCB / Schematic CAD - From £98 



EASY-PC - For single sided and 

multilayer boards to 17"x17" 
Phenomenally fast and easy to use 
Over 17.000 installations worldwide 
EASY-PC Professional for boards up to 
32" x 32" at 001" resolution. 16 layers 
Schematic capture and netlist extraction • 
integrates seamlessly with PULSAR and 
ANALYSER III. 


Logic Simulation - from £98 



PULSAR and PULSAR Professional - 
Full featured digital logic simulators 
Allow you to test your designs quickly 
and inexpensively without the need for 
sohisticated test equipment 
PULSAR can detect the equivalent of a 
picosecond glitch occurring only once a 
week! 


Analogue Simulation - from £98 



ANALYSER III and ANALYSER III Pro. 
Powerful linear circuit simulators have full 
graphical output, handle R’s, L’s, C’s. Bipo¬ 
lar Transistors. FETs. Op-Amp’s. Tapped 
Transformers and Transmission Lines etc 
Plots Input and Output Impedances. Gain. 
Phase and Group Delay Covers 0 001 Hz 
to greater than 10GHz. _ 

• •• 
PES15ET 
awaA6 


For full info, phone, fax or use enquiry card: 

Number One Systems Ltd. 1 ~mi 

REF: MAP, HARDING WAY, SOMERSHAM ROAD, 

ST. IVES, HUNTINGDON, CAMBS, England, PE17 4WR 
Telephone: 0480 461778 (7 lines) Fax: 0480 494042 
International:+44 480 461778 Credit Cards Welcome 


cYc 


Chelmer Valve Company 

for 

High Grade Audio Valves 


Mojor Brands e g., Mullard, Bnmar, Philips, GE (UK), GE (USA), etc 


A2900GEC__ XI 200 

E80F PU.pt .£10 00 

ECC81/CV4024 Mulard £6 00 

ECC82/CV4003 Mullard . £6 00 

ECC88 Mulard . £600 

E80CC Mulard . £8 50 

EF86/CV4065 Mulard.£8 50 

EL84 Mulard ....£600 

EL84 GE (USA).. £5.00 

GZ32 Mulard.. £8 00 

GZ33 Mulard. £800 


GZ34 Mulard 
GZ37 Mulard 
6CA7/EL34 GE 
616GA Sy+vama 
6SN7GT8 
6V6GTE 


12AT7WC Syhareo 


.£1000 

..£7.00 
£9 50 
£700 
£4 50 
£4 00 
£6 00 


61468 GE.... £1500 

6550AGC...—£1500 

7581 AGE.. £1200 


«*c PREMIUM: Qjr own BRAND from selected worldwide sources, processed in our 
special facility to provide low rose/Hum/microphorry Pre-Arrp Valves and Power Valves 
bumt-in for improved stability and reliability 


PRE AMP VALVES 

ECC81/12AT7 

ECC82/12AU7 

_£5.00 

POWER VALVES - com 

E841/7189A 

.£510 

£4 00 


£9 20 

ECC83/12AX7 

ECC85 

.£5.00 

KT88 

£1250 

£400 

£500 

KT88 (GCXDQ)__ 

616GC___ 

£1850 

ECC88 

£6 50 

EF86 

£400 
.£600 

6L6WGC/5881 

£8 00 

E81CC (GOD PIN) 

6V6GT 

£500 

E82CC (GOLD PM) . 

_£6 00 

61468 

..£1020 

E8XC (GOD PM) 

..£600 

6336A 

£3000 

E88CC (GOID PM) 

£700 

655QA 

£1100 

E80F 

E83F 

£900 

£550 

RECTIFIERS 

GZ33. . 

„£4.50 

6SL7GT 

.£4 00 

GZ34/5AR4 __ 

.£500 

6SN7GT 

£4 20 

5U4G 

£5 00 

POWER VALVES 


5Y3GT 

£320 

2A3 (OCTAL) or (4 PM) 

£14.00 

5Z4GT___ 

£3 50 

3008 

£2200 
£50 50 

SOCKETS 

69A(PCB) . .... ~ . 

.£1.60 

811A 

.£9 50 

.£29 90 

B9A (CHASSIS) 

£1 60 

845 

OCTAL (CHASSIS) __ 

£175 

E134/6CA7 

£7 50 

4 PM (UX4)_ 

.£300 

EL84/68Q5 

£4 00 

4 PM (for 211)_ 

£1100 


Add £1 00 per vahe lor mafchmg if required 
Plus Pott & Podung £3 00 ♦ VAT at 17 5% for UK/Europe 
S*nd/Fax orcfcr wdi cheque or credrt card details to 

Chelmer Valve Co., 130 New London Rood, Chelmriord, Essex CM2 ORG 
Tel: (0245) 265865 Pox: (0245) 490064 
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SUBSCRIBE TO 

& BRITAIN’S ^ 
^ BEST SELLING ^ 
ELECTRONICS MAGAZINE! 



2 FREE ISSUES if you agree to 
subscribe by Direct Debit or Continuous 
Credit Card, saving you £5.64! 

* FREE DELIVERY TO YOUR DOOR, 

and there are no additional carriage 
charges. 


* YES, SAVE MONEY by taking 
a subscription, it’s cheaper than 
buying each individual copy. 

* 5% SUBSCRIBERS’ DISCOUNT 
CLUB CARD saves you money on 
further purchases! 


* PLUS- News, reviews, readers letters, competitions and lots, lots more besides! 


To subscribe just send a cheque postal order for £9 96 made payable to Maplm Electronics. P 0 Box 3, Rayleigh, Essex SS6 8LR OR you can take advantage of 
our offer of two free issues by completing the coupon below and agreeing to pay by Credit Card or Direct Debit. The two free issues offer only applies if you use one 
of these two methods of payment. Simply fill in the Payment by Credit Card or Payment by Direct Debiting Mandate and return it to Maplm Every time, about 
1 month before your subscnption is due, we will send you a letter giving details of the subscription rate and telling you the date on which we will charge your Credit 
Card or debit your bank account If you do not wish to continue your subscnption, you have until that date to let us know, and we will then cancel your authority to bill 
your Credit Card or cancel your mandate. Otherwise, if you do nothing, your subscription will continue The authonty or mandate you give us does not allow us to 
charge anything other than the Maplm Magazine subscription The benefit to you is that you no longer need to remember to re*new your subscnption or send off any 
more cheques or postal orders Payment is made automatically 


OVERSEAS SUBSCRIBERS - SUBSCRIBE NOW !-Phone +44 702 554155 Ext. 326 or 351. 

Subscription rates for 6 issues are: £14 50 (or 37 IRCs) m Eire. Europe and surlace mail outside Europe; £20 50 (or 53 IRCs) Air Mail outside Europe 


. >€ .. 

TAKE THE NEXT 2 ISSUES OF THIS MAGAZINE FREEH 

Because we re so certain that now you ve seen the Maplm Magazine you'll want to receive it regularly, we re offenng to send you the next two issues tree of charge with 
absolutely no obligation to continue Just fill in the details below and if after receiving two issues you do not wish to continue, just let us know at least one month before the next 
issue is due and we will cancel your subscnption The two free issues will be yours to keep whatever you decide If you already have a subscription, fill in the details below and 
we II add two issues free of charge to your current subscnption SEND NO MONEY NOW About 2 weeks before the third issue is due. we will charge you £9 96 for the next six 
issues, unless you have cancelled This offer is not available to those already paying by Direct Debit or Continuous Credit Card or those who have stopped payment by either 
method within the last year THIS OFFER IS OPEN TO RESIDENTS WITH U K ADDRESSES ONLY PLEASE START MY SUBSCRIPTION WITH ISSUE 74 

—-EITHER- 

★ PLEASE ADD YOUR ADDRESS, SEE BOTTOM RIGHT ★ 

PAYMENT BY CREDIT CARD. Please charge my Credit Card Account Customer Number (if known) 

Access Q Visa □ Amencan Express \^\ 


1 authonse you until further notice in wntmg to debit my CREDIT CARD account 
by £9.96 and in future, with any amounts which, after notification. MAPLIN 
ELECTRONICS PLC may debit thereto in respect of my subscnption 
to the Maplin Magazine 


Account No 

1_1_1_1_1_1_1_1 l 1 l 1_1_1 l 


Signature 

Date 




An 






Un - 



PAYMENT BY DIRECT DEBITING MANDATE in favour of Maplm Electronics PLC. P 0 Box 3 Rayleigh Essex SS68LR 

Direct Debit payment option is only open to customers with bank accounts in the U.K including Channel Isles. Isle of Man and N Ireland 

Please note Instructions cannot be accepted to charge Direct Debits to a Deposit or Savings Account 

^DIRECT 

De b i t 

Bank Sort Code 

1 1 1 1 1 


Bank Account Number 

_1 _1_1_1_1_1 1 _ 


1 authonse you until further notice m wntmg to charge my account, with you. any 
amounts which MAPLIN ELECTRONICS PLC may debit thereto by Direct Debit 




in respect of my subscnption to the Maplm Magazine 


Name ol Account to be debited 



1 will inform the bank m wntmg if 1 wish to cancel this instruction 

1 understand that if any direct debit is paid which breaks the terms of this 





instruction, the bank will make a refund 


The Manager 



Signature 

Date 




Enter your address and Maplin customer number, if known. 

















Postcode 


If you wish, you can put this form in an envelope and address it to: Maplin Electronics, Freepost. P 0 Box 3, Rayleigh. Essex SS6 2BR 
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On occasion Maplm Electronics may permit other reputable companies to 
make otters ot products or services which we believe will be ot interest to our 
customers It you do not wish to receive this mtormation please write no in the box 


Customer No 
Name 

Address . 

Postcode Phone No 

IT IS MOST IMPORTANT THA T YOU INCLUDE YOUR POSTCODE 


* Please enter catalogue page no where item appears 


Block capital letters please. Keep a copy ol your order 

II not « catalogue wnte Mag t<y Magazine 0 . SO to. Speed Otters etc It not usng 1994 catalogue, ente. date ot catalogue here 19 


Price Change Leaflet (Please write 1 in quantity, if required) 
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Carnage 




Form MES8 Issue 4 



Overseas customers 
including Channel Isles 
and Eire please deduct 
VAT where applicable 
and tick this box 


Export Order 


Office Use Only 

[- M 

CO CA PO 

CNC 

Total 

CMM 



I authorise you to debit my credit card account tor the cost of goods despatched 
Credit Card Number 



nn 

n 

n 

1 | 

1 L_ 

■ I 

,.L—J— 






Access American Express Visa Delete as required 

Note Goods will be despatched only If the address above is the cardholder s address 
If ordering by credit card please sign 


Expiry date of Credit Card 


Total this sheet 


Total other sheet(s) 


Total for goods £ 


Carnage charges lor large tragrfe or heavy Hems as 
shown n catalogue H total r tho bo* exceeds £5 70 you 
need only pay £5 70 (Max Carr Charge per order £5 70) 


Deduct value of Credit Note No 

Enclose the numbered Oedit Note with this order 


Deduct value ot Gift Token No 
(Enclose Gift Token with order) 


Please add Cl 40 Handling Charge 

This amount must be added to each order placed 


Total £ 


40 


Carriage Charges 1 

SI 

£1.45 

®] 

£2.10 

0 

£2 65 

OB 

£3.15 

E 

£3 70 

E 

£425 

0 

£510 


£5.70 
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Put down those mince pies, pick 
jfc up your soldering iron and make 
a Merry Christmas with these 
festive projects from Maplin! 


^ ,/T 


PROJECT 

RATING 







& 


Ftsr-o4»m" 


Sort the ‘Cold Turkeys' from 
the ‘Christmas Crackers’ this 
yuletide, with this simple to 
build ‘Fest-o-Meter’. The unit uses 
the resistance of your 
skin to ‘measure’ your level of 
Seasonal Joviality, and lights the 
LEDs accordingly: see if Granny’s 
had enough sherry trifle, or if 
Dad’s drunk enough of the 
Christmas spirit yet. ‘Hours of fun’ 
are to be had trying to get all six 
LEDs to light by pressing your 
thumb on the contacts - if you 
succeed, you are rewarded with 
a festive tune! Full details are in 
i, Electronics Issue 60 
■XA60Q). 

'Fest-o-Meter, 

Order Code LT18G, 

£6.95. 


mp ^®qqi? 


This fine example of arboreal 
k high-technology is decorated 
with 21 low-current LEDs in 
three seasonal colours: Red, 
Yellow and Green, which can be 
made to flash or twinkle at three 
k different rates. The kit contains 
.everything you’ll need, plus 
L a full-size template which 
„ can be stuck to card, 
hardboard, etc. to help you 
make your tree. Full details 
can be found in Electronics 
Issue 48 (XA48C). 

LED Xmas Tree, 

Order Code LP83E 
£9.95. 



PROJECT 

RATING 


. 


Based around the UM66 series CMOS LSI chip, 
this module plays a 64-note melody of “Jingle 
Bells”, “Santa Claus is Coming to Town”, and 
“We Wish You A Meny Christmas”. Certain to find 
many applications during the festive 
season, e g., seasonal doorbell, toys, 
decorations, novelties etc. 

Full constructional details can be 
found in Electronics Issue 26 
(XA26D). 

Simple Melody Gen 1 
Order Code LM43W 


Give the fairy a rest this year and ‘yule’ have the 
smartest tree in the street! Lift your tree’s decorations 
into an astral plane with our 19-LED, four colour, 
twinkling Christmas Star. The kit is designed 
around the CMOS 4060 1C, and includes all the 
items needed, except the star itself which you 
can use your own creative flair to design. 

Full constructional details can be found 
in Electronics Issue 41 (XA41U). 

LED Xmas Star, Order Code, 

LP54J, £7.75. 



Follow Yonder Star to your local Maplin store in Birmingham. Brighton. Bristol. Cardiff. 
Chatham. Coventry. Edinburgh. Glasgow. Ilford. Leeds. Leicester. London (Edgware. 
Forest Hill and Hammersmith). Manchester (Cheetham Hill and Oxford Road). 
Middlesbrough. Newcastle-upon-Tyne. Nottingham. Portsmouth. Reading. Sheffield. 
Slough. Southampton. Southend-on-Sea and Stockport. Plus a NEW store opening soon 
in Milton Keynes. Phone 0702 552911 for further details of your nearest Maplin store. 

All items subject to availability Prices include VAT. 

























... Enter 
the Sony f 
MiniDisc 


N ow with advances in IC 
technology and digital signal 
processing, significant improve¬ 
ments can be made to audio recording. 
Both systems have been well engineered 
and have a lot to offer, but their 
approaches are different in many 
respects. The Philips system uses a new 
tape which retains compatibility with the 
old cassettes which can still be played on 
new DCC machines. Sony have opted for 
a disc based system. Which of these two 
will gain dominance in this fiercely 
competitive market remains to be seen. 
But whichever one it is, it may take about 
two years before a clear trend is visible. 

Why Digital? 

Digital audio systems are well established 
in the Hi-Fi market. The Compact Disc 
(CD) was the first to appear in the 
consumer market, and gave a tremendous 
leap forward in performance over 
anything else which was available. With 
a virtually flat response, and minute 
levels of noise and distortion, the death 
knell of the traditional vinyl disc was 
sounded. 


In view of this performance, the CD 
soon gained acceptance and sales quickly* 
rose, reaching a level of about 800 million 
per year. Now CDs are the accepted 
medium for listening to high quality 
music recordings. This fact is borne out 
bv radio broadcast stations, who almost 
exclusively use CDs as the medium for 
their music material. 

Apart from their improved per¬ 
formance, CDs gained popularity be¬ 
cause they were easy to use. No longer 
would the slightest scratch ruin a 
recording as happened with vinyl discs. 
Even if a small scratch appeared, this 
would be overcome by the digital error 
compensation in the player. 

Another advantage was that CDs 
are much smaller than their vinyl 
counterparts. A CD can store up to 74 
minutes of material and it is just over 
4’/ 2 in. in diameter. On the other hand, an 
LP has a 12in. diameter and a maximum 
playing time of about 60 minutes - and 
this requires the disc to be turned over 
unlike the CD. 

Finally being digitally controlled, it is 
very easy to programme a CD player to 
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play tracks in any order, repeating some 
as many times as required. Most new 
players have this and many more 
facilities built into them. 

Whilst the CD offers many advantages 
it is not completely without its 
drawbacks. The main one is that it does 
not lend itself to use in moving systems 
which are liable to vibration and knocks. 
Mechanical jolts can set the laser off 
track, thereby disrupting the play. With a 
growing requirement for ‘Walkmans’ and 
in-car systems there is a major gap in the 
market which can be filled. At the 
moment there are many in-car and 
portable CD players. However, the 
portable ones could certainly not be used 
whilst jogging. Whilst the in-car players 
are satisfactory for normal motoring and 
use sophisticated anti-vibration mounts, 
they are not always foolproof when it 
comes to bumpy roads and potholes. 

Requirements 

The compact cassette has given excellent 
service for many years, and will continue 
to be used in the future. However, to 
find out public opinion about the per- 
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formance of the cassette a survey was 
commissioned. This revealed that over 
three quarters of the people surveyed 
were satisfied with the portability of the 
cassette. 

In other areas people were not as 
enthusiastic. Over half the people 
interviewed were dissatisfied with the 
reliability of the cassette. Another of its 
disadvantages proved to be its random 
access capability with just under 50% of 
those interviewed saying they would like 
an improvement in any new system. 
Finally the sound quality did not live 
up to today’s standards. Despite im¬ 
provements in tape head technology and 
signal processing systems like Dolby, 
analogue cassette systems cannot live up 
to the performance offered by a CD. This 
lack of performance resulted in about a 
quarter of its users being dissatisfied. 



Basic System 

In view of the information obtained from 
the survey it was necessary that any new 
system should be portable, and capable 
of being used in a Walkman. It should 
also have improved sound quality, better 
access to different tracks and it should 
have a higher reliability than the 
analogue cassettes. 

In fulfilling these requirements Sony 
decided to opt for an optical recordable 
disc system. This is hardly surprising 
since Sony have been developing optical 
disc technology in various forms for 
about twenty years. In fact they were 
involved in the initial release of the CD 
and they are one of the licensees. 

After the launch of the CD much of 
their research was directed towards a 
recordable optical disc system for use in 
the computer industry. However, this 
research has now been put to very good 
use in the audio industry for the 
MiniDisc. 

Not only have Sony had to develop 
a new form of storage medium in the 
form of the disc, they have also 
made an enormous investment in the 
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development of the signal processing 
to enable the data to be stored on the 
disc. 

The MiniDisc itself is smaller than a 
CD and this means that the amount of 
data which it can store is less. If it is to 
have the same playing time, then the 
actual amount of data used to store the 
sounds must be reduced. From this 
requirement Sony developed their 
ATRAC (Adaptive TRansform Acoustic 
Coding). This is very similar in its 
function to the Philips Digital Compact 
Cassette PASC (Precision Adaptive Sub- 
Coding) system because it reduces the 
amount of data needed by only storing 
those sounds which can be perceived. 

Finally, the system has been made 
portable. When a portable CD player is 
used on the move, or in a car, sharp 
vibration can displace the laser. This can 
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cause skipping or drop outs in the music. 
To overcome this the MiniDisc has a large 
RAM to store enough data to allow the 
laser to regain its place, thereby giving 
continuous play. 

The Disc 

As the name implies the disc is quite 
small. The actual rotating disc measures 
only 64mm in diameter and this is 
housed in a plastic cartridge measuring 
72 x 68 x 5mm. This forms part of the 
overall disc and gives it an appearance 
very similar to that of a 3V 2 in. computer 
disc. 

There are two types of disc. The first 
can only be used for playback. Once 
manufactured there is no way of 
recording onto them. These discs would 
normally be used for pre-recorded 


albums available from the shops. The 
front of the disc is clear and can be used 
for artwork. On the reverse side there is 
a shutter which protects the disc when it 
is not in a player. When the disc is 
inserted into a player the shutter opens 
to reveal the playing surface of the disc. 
This enables a laser to read the data 
stored on the disc in the form of pits and 
bumps virtually identical to those on a 
normal CD. 

When reading a disc, the laser tracks 
from the centre where there is a lead-in 
area, to the outside. This is another 
similarity to the CD. but of course it is the 
exact reverse to the old vinyl discs. 

Recordable Discs 

It is in developing the recording 
technology that Sony has devoted a large 
amount of research effort. The fact CDs 
could not be used for 
" recording until recently 

was one of their major 
drawbacks. As a result, 
it was recognised that it 
was very important that 
the MiniDisc should 
have this facility. 
Without this it was felt 
the system would have 
little chance of success. 

The recordable discs 
are somewhat different, 
so allowing the discs to 
be overwritten an 
unlimited number of 
times. In terms of visible 
differences they have a 
shutter which reveals a 
section of both sides of 
the disc. In fact this is 
an indication that a 
different process is used 
to store data on these 
discs. 

To achieve the re¬ 
cording capability, it 
was necessary to em¬ 
ploy a system which, 
although different, 
would be compatible and use many of 
the same components. The solution, 
devised by Sony, is called ‘Magnetic field 
Modulation Over-write’ (MMO). 

One of the keys to the operation of the 
system is the disc itself. This consists of 
four main films on the top of a plastic 
base. The films are very thin and have to 
be very uniform if they are to perform 
correctly. The key layer consists of a 
material called ‘terbium ferrite cobalt’. 
This is located between two layers 
of silicon nitride with an aluminium 
layer on top. It is within the terbium 
ferrite cobalt where the actual data is 
stored. 

The manufacture of these discs 
presented a number of problems which 
have been successfully overcome. The 
thin layers in the disc are deposited onto 
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Playback 

The playback system is just as cunning as 
the one used for recording because the 
two storage systems use the same pick-up 
even though they operate in slightly 
different ways. Despite the fact that it is 
dual function, the pick-up is based 
around the idea used for CDs. 

For pre-recorded material a 0-5mYV 
laser is focused onto the surface of the 
disc as shown in Figure 2. The light is 
reflected back off the surface and 
detected by two photodiodes also shown 
in Figure 2. The level of light reflected 
then indicates the presence or absence of 
a pit. If the light is reflected directly back 
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the plastic substrate using a process 
called ‘sputtering’. In its basic form this 
technique involves evaporating atoms in 
a vacuum and then depositing them onto 
another surface under the action of an 
electric potential. 

An improved system developed jointly 
by Sony and Materials Research 
Corporation in the USA, enables very 
uniform layers to be deposited. The 
system gives the lowest particle 
contamination level of any sputtering 
system to date. This leads to much higher 
production yields and reduced 
production costs. As a further benefit, the 
system gives a ten fold increase in speed 
over other systems which are available. 

When recording, the laser scans the 
underside of the disc as it rotates and 
causes the magnetic material in the disc 
to be heated to 180 # C, which is above its 
Curie temperature. At this point the 
material looses any magnetism it 
previously possessed. As the disc rotates 
the laser spot moves away from this point 
on the disc and it begins to cool down. As 
this occurs the magnetic material takes on 
the magnetic orientation of its 
surroundings. A magnetic head is placed 
above the disc and the flux which it sets 
up is the flux which is taken up by the 
sections of the disc as they cool down, see 
Figure 1. The laser acts as the ‘key’ that 
enables the recording to take place and the 
magnetic head writes the data onto the 
disc. Thus digital data can be transferred 
onto the disc, simulating the pits and 
bumps of the pre-recorded material. 

This writing process has proved to be 
very reliable. It has a very large power 
margin and this minimises the distortion 
of the data on the disc. This means that 
there is much less jitter on the data than 
on other systems. In addition, the basic 
MMO system is very resilient to any disc 
tilt which may occur. Again this can 
cause data jitter. However, as the laser is 
only used to raise the temperature of the 
magnetic layer it has less effect on the 
magnetic spot shape. The result of this is 
that there is much greater reliability 
when the disc is played back. It also 
means that the same recording density as 
a CD can be achieved. 


Digital data 


New data 


Recording 

head 

Old data 

mmsnnnE 


Motion 

of 

disc 


IS] 


Mini disc 


> Laser 


Figure 1. Recording on a MiniDisc. 
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Random Access 

One feature of the CD which has been 
widely used is the ability to select tracks 
quickly and easily. Naturally, this facility 
has been built into the MiniDisc, but 
including this facility was not as easy as 
might be expected. There is little problem 
with pre-recorded discs because the same 
system used on CDs has been 
incorporated. The start and finish points 
of the tracks are known and these are 



Figure 2. Playback on a playback only disc. 
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Figure 3. Playback of a recordable disc. 


this will indicate the absence of a pit. If 
there is a pit then the light will be 
diffracted and a much lower level will be 
detected by the diodes. These light level 
variations correspond to the digital data 
which can then be processed by the in¬ 
built electronics. 

To read a recordable disc, the process 
is somewhat different, although exactly 
the same pick-up is used. The light from 
the laser, which is polarised, strikes the 
disc and is reflected back. However, the 
polarisation of the light is rotated slightly 
in a forward or reverse direction 
depending upon the magnetisation of the 
disc at that point. 

The reflected light passes through what 
is called a ‘polarisation beam splitter’. 
This separates the light of different types 
of polarisation and distributes it to the 
two photodiodes as shown in Figure 3. In 
this way the light reaching the 
photodiodes is dependent upon the 
amount of polarisation shift when the 
light is reflected and hence the 
magnetisation on the disc. Each 
photodiode converts its light energy into 
electrical signals and hence the digital 
data recorded on the disc is read. 



stored in a directory on the disc. This 
directory, called the ‘Table of Contents' 
(TOC) stores all the relevant information. 
When a particular track is required, the 
player refers to the TOC and moves to the 
correct position. 

The system for achieving random 
access on recordable discs is rather more 
complicated. The system uses a ‘pre- 
groove’ to give the location information. 
These ‘pre-grooves’ are microscopic 
grooves which are pressed into the 
surface of the disc at manufacture and 
they give location information at 
intervals of 13-3 milliseconds. 

To enable the player to find the correct 
start and finish points, the locations are 
stored on the disc in a reserved area 
called the ‘User Table of Contents’ 
(UTOC). This is very similar to the 
directory on a computer disc w'here all 
the locations of the programmes are 
stored. 

This system allows random access of 
tracks to be performed virtually as fast on 
recordable discs as on the pre-mastered 
ones. This can be achieved to an accuracy 
of 13-3ms, which is more than adequate 
for most applications. 
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Memory 

One of the major problems of the CD is 
lack of portability. Although portable CD 
players can be moved whilst they are 
playing, any shock can cause them to 
skip or jump. As a high degree of 
portability is necessary for the MiniDisc, 
it was important to incorporate a method 
of overcoming this problem. 

As the disc is played, or recorded, the 
laser has to move across the surface of the 
disc, so a solution had to be sought to 
overcome the effects of shock. The actual 
method used was to incorporate a 
memory into the system. The data can be 
read from the disc faster than it is 
required by the decoding system. In this 
way it is possible to read data ahead of 
when it is required and store it in the 
memory. If the laser is displaced by a jolt 
the memory will start to empty as it 
continues to give out data to the decoder, 
until the laser finds its position again. 
When this happens, the memory will 
start to fill up again ready for another 
interruption in the data from the disc. In 
this way the music is not interrupted, 
despite any jolts displacing the tracking 
of the laser, see Figure 4. 

Some figures are useful to illustrate the 
system. In current MiniDisc systems one 
Megabit memories are used. The data can 
be read in at a rate of 1-4 M-bits/s, but it 
is only required at a rate of 0-3 M-bits/s, 
giving up to three seconds of stored data. 
This is more than sufficient for the laser 
to regain its position, and on one 
demonstration it was just enough to 
allow the disc to be removed and re¬ 
inserted without any interruption to the 
music! 

Obviously, in most cases the laser will 
not be continually jolted, and so a point 
is reached when the buffer memory is 
full. When this occurs data will cease to 
be read from the disc until the memory 
empties slightly and more data can be 
read in, so data is read into the memory 
from the disc in bursts as it is required. 

Data Compression 

The MiniDisc relies on the small size of 
the disc to give it that all important 
feature - portability. Unfortunately 
reducing the physical size of the disc also 
reduces the amount of data which can be 
stored. If the data was stored in the same 
way that it is on a CD, then it would only 
be possible for a MiniDisc to give about 
fifteen minutes playing time. Clearly this 
is not acceptable, and as a result, Sony 
have developed a system of reducing the 
amount of data which needs to be stored. 
Called ATRAC, it is very similar to the 
Philips PASC system described in the 
article describing the Digital Compact 
Cassette in Issue 72 of Electronics. 

A CD uses a 16-bit data sample every 
0 02ms, regardless of the content of the 
waveform. However, such a large data 
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word is only rarely needed, and with a 
degree of signal processing it is possible 
to identify only those portions of the 
signal which need to be stored. 

During ATRAC, encoding the data is 
divided into time segments of up to 
11 -6ms, but in 0 02ms increments. Then 
using a system called ‘modified discrete 
cosine transform’ the waveform is 
analysed. 

During the analysis, two main features 
are used - the first being the threshold of 
hearing. It is found that the sensitivity of 
the ear varies considerably with 


frequency, being at its most sensitive at 
about 4kHz and falling off above and 
below this frequency. Any sounds which 
are below this threshold, as shown in 
Figure 5, will not be heard, and can 
consequently be ignored by the encoding 
system. 

The other effect occurs when two 
sounds are very close together in 
frequency. When this occurs it is found 
that the larger signal tends to mask the 
weaker one out as shown in Figure 5. 
The closer the frequency the greater the 
masking effect. 


Hearing 
threshold of 
the ear with 
no sounds 
present 



Signals which 
are encoded 
by atrac 


Figure 5. Signals cm <><l«*<l by ATRAC 
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Figure 4. Shock resistant memory. 
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Figure 6. Block diagram of MiniDisc system. 


To utilise this effect ATRAC splits up 
the audio into sub-bands. Unlike the 
PASC system, ATRAC uses different 
width bands dependent upon where they 
are in the audio spectrum. The reason for 
this is that the masking effect is not a 
direct function of the frequency 
difference in Hertz. As a result, the lower 
frequency bands are narrower than the 
higher frequency ones. Below 500Hz the 
bandwidth is about 100Hz and above this 
frequency the bandwidth increases by 
about a fifth every band. 

The system then analyses the 
frequency components in each band to 
see if any sounds are likely to be masked 
out. If so, then the weaker sounds will not 
be encoded, saving valuable disc space. 
In total, the saving is such that only about 
one fifth of the data needed by a CD is 
required by the MiniDisc. This means 
that the MiniDisc can store a full 74 
minutes of music. A block diagram of the 
MiniDisc system is shown in Figure 6. 




On the Market 

Sony currently have a number of units on 
the market. Possibly the most publicised 
is the MZ-1 recorder/plaver. This small 
unit is capable of giving very high quality 
low noise recordings from a very 
compact handheld unit. The MZ-1 is 
likely to be used in a very wide spectrum 
of applications from home entertainment 
to interviews and recordings for 
broadcast use. 

The cost of the MZl is around £500, 
but for anyone looking for a slightly 
cheaper Walkman for playback only then 
there is the MZ-2P. At around £400 it is 
still well above the cassette based 
Walkmans in price, but it offers a very 
high quality player, even capable of being 
linked into a Hi-Fi system. 

For home use. Sony have launched the 
MDS101 which is a mini sized stacking 
unit which is designed to fit in with most 



Specification 



Channels: 

2 (Stereo) 


Frequency response: 

5 Hz to 20kHz 


Dynamic range: 

105dB 

Wow and flutter: 

Not measurable 


Sampling frequency: 

44-1 kHz 


Coding system: 

ATRAC 


Modulation: 

EFM 


Error correction system: 

CIRC 


Disc speed: 

1*2 to l-4ms (Constant Linear Velocity) 

Record/playback time: 

74 minutes 


Cartridge size: 

72 x 68 x 5mm 


Disc diameter: 

64mm 
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home Hi-Fi systems. The cost of this unit 
is about £700. 

Finally Sony have not forgotten the car 
market. Their MDX Ul is a top of the 
range in-car stereo system. The radio 
itself comes complete with RDS and the 
unit has a price tag in the region of £850. 

Although the prices may seem high, 
like all new systems, prices are expected 
to fall when sales start to rise and other 
manufacturers come into the market. 

Currently a large number of other 
companies are interested in the MiniDisc 
system. Kenwood, Sharp, Sanyo, Denon, 
Akai, Aiwa and many other major 
manufacturers have licences. In view 
of this it should not be long before a 
wide variety of units are ready for 


demonstration or actually in the shops. 
When this happens, it is expected that 
the prices will fall to a point where more 
people will start to buy them. 

Recorded material is also important, 
and a number of record labels are 
distributing MiniDiscs including Sony’s 
own label. Like the Digital Compact 
Cassette, the new discs are only available 
in a limited number of shops at present. 
When an assistant in one well-known 
chain store was asked whether they 
stocked them he apologetically replied 
they did not. Then as a reason he said 
they were rather small anyway! 

The overall licensing process for 
MiniDisc technology is ongoing. In May 
1993 a total of 53 different companies 
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had agreements for the use of different 
aspects of the system. There were 32 
hardware related agreements, 18 related 
to pre-recorded material, including 
production and custom pressing, and 18 
related to blank media. This large 
number indicates that there is a very high 
degree of support for the MiniDisc in the 
industry'. 

Conclusion 

The new MiniDisc system has many 
good design features built into it. The 
small size of the disc, its easy of use, and 
portability will no doubt appeal to many. 
However, behind this the system has 
been cunningly engineered, enabling two 
very different types of disc to use the 
same pick-up. In addition, theTecording 
surface is protected in a case which is an 
integral part of the disc. This is obviously 
a great improvement, as any user of 
computers will be able to testify when 
comparing the 3V 2 in. discs against the 
5 V 4 UI. ones. 

However, despite all these advantages, 
many people will see it as yet another 
medium for which they will need to 
build up a completely new library of 
music. In this area the Philips DCC 
system has a distinct advantage, but it 
does not have the random access 
capability. 

It will take some time for the market 
trend to be discerned. Most people are 
waiting to see what happens before 
buying. However, there is a very large 
degree of industry support and this alone 
could force the acceptance of this system 
for the future. 
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Terminology 


Term 

Meaning 

DCC 

Digital Compact Disc 

CD 

Compact Disc 

ATRAC 

Adaptive TRansform Acoustic Coding 

PASC 

Precision Adaptive Sub-Coding 

MMO 

Magnetic field Modulation Over-\vrite 

TOC 

Table Of Contents 

UTOC 

User Table Of Contents 

RDS 

Radio Data System 
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Placing an advertisement in this 
section of Electronics is your chance 
to tell the readers of Britain's Best Selling 
Electronics Magazine what you want to 
buy or sell, or tell them about your club's 
activities-Absolutely Free of Charge* We 
will publish as many advertisements as we 
have space for. To give a fair share of the 
limited space, we will print 30 words free, 
and thereafter the charge is lOp per word. 

Placing an advertisement is easyl 
Simply write your advertisement clearly 
in capital letters, on a post-card or sealed- 
down envelope Then send it. with any 
necessary payment, to: Classifieds 
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P.O Box 3. Rayleigh. Essex SS6 8LR. 
Advertisements will be published as 
soon as possible, space allowing. No 
responsibility is accepted for delayed 
publication or non-inclusion of 
advertisements 

Private individuals only are permitted 
to advertise in this section, commercial 
or trade advertising of any land is strictly 
prohibited by law Advertisements are 
only accepted by the Publisher on this 
proviso Readers who have reasonable 
grounds to believe they have been 
misled as to the nature of an advertisement 
are advised to contact the Publisher and 
their local Trading Standards Office 


VARIOUS 

VALVES 31 EL85, ECC82 etc. Used but OK. 
Save a fortune only £12 the lot. Telequipment 
Dual Trace Scope 10MHz £50 o.n.o Diatromc 
Linear Valve Amplifier £10. Tel (0254) 
887049 

PEATOL MICRO LATHE. 4 5m. max diam¬ 
eter. 10m centres New 0 5hp British motor. 
Accessories inc. milling slide, nser blocks, 
chucks, etc £375 (inc. UX postage) Tel: 
Richard Undseil (0376) 331760. 

NEW COMPONENTS plus free pack of 100 
resistors, assorted resistors, capacitors, 
diodes. ICs etc £10 per bag. including p&p 
Contact Mr D. J. Brown. 2 Glentworth 
Avenue. Whitmore Park, Coventry. West 
Midlands. CV6 2HW 
ULTIMATE ELECTRONICS CAD 
U1 aboard plus Ulticap. professional PCB and 
schematics software Full version. Original 
disks. Only have introductory manual, 
hence. £80 the pair Tel Paul (0703) 592874 
(Southampton University). 

WANT1D 

DIP METER PARTICULARS Del Paul 
(0745) 825 036 (anytime) 

PGA (not VGA) video board for my 8068 PC 
and Tatung monitor Tel: (0602) 715537 
BH 140E HANDLE for JVC KD10 stereo 
cassette deck. Old model. Contact: W Snow. 
29 Dankworth Road. Basingstoke. RG22 4L| 
WELLER DESOLDERING STATION in 
reasonable condition. Tel. Sam Kukbnde 
(0594 ) 861112 (West Gloucestershire). 

CUB MICROVTTECH 452. Help needed t 
o link to Atan 520STFM Information to: 

P T Skupmalo. 11 Tal! Vale. Edwardsville. 
Treharry. Mid Glam. CF46 5HR 


TURN YOUR OLD ISSUES of Electronics - 
The Maphn Magazine into cash! Individual 
back issues, complete volumes or whole 
sets, of Dectromcs The Maphn Magazine are 
urgently wanted.' Must be in good condition 
Reasonable price paid. Please write, giving 
details of issue numbers available and price, 
to: Duncan Enwnght. Butterworth-Heinemann 
Ltd. Lnacre House. Jordan Hill. Oxford. OX2 
8DP 

BOOK BY ARAL Single Sideband for the 
Radio Amateur Contact: G. L Smith. 18 
Hamilton Way. Acomb. York. Y02 4LE. 

Tel: (0904) 792662 


SAN5UI SC 737 stereo cassette deck 
Contact: W Snow. 29 Dankworth Road. 
Basingstoke. Hants. RG22 4L| 

MUSICAL 

TENDER GUITARS. Strat, 60s reissue USA 
white. Rosewood fingerboard £350 Tele. 
USA standard, clear Ash body. Rosewood 
fingerboard - £395 Jars Baas, black. 
Rosewood fingerboard - £255 Tel: Danny 
(0702)549593 

AUDIO. Omega Point Mentor turntable 
£1,600 Ray Lumley class A M150 Power 
Amps (pair) £1.500 (rebuilt with Holco H2 


resistors. Kimber capacitors & high quality 
valves). Pioneer F91 tuner £150 VP! record 
cleaning machine (top of the range) - offers 
(cost £500) Farfiasa organ - offers Marshall 
Lead 12 practice amp £50 Audio Innovations 
1000 Transformer (head amplifiers moving 
coil magnetic pickup stepped up to moving 
magnet level) £50 lann LP12 (Valhalla). 

Black Basik Arm, Goldnng Eroica (red) 

£350 Tel: Alan (0702) 554155 Ext. 247 
(office hours). 

COMPUTIRS 

AMS TRAD CPC464 green monitor. TV 
modulator, joystick, assorted games £75 
o.n.o Tel Alan (0702) 554155 Ext 247 
(office hours). 

280 STUTT trainers like Microprofessor. 
Maplin Z80. etc. Also books, boards, 
electronic test gear W H Y buy or photo 
gear to swap. Tel: Mel (0533) 419742 
SPECTRUM 48K computer with joystick, 
cassette recorder, power pack, instructions 
and 'Dixry'. Rider' and Type-Rope' £50 
post free Contact: J D. R. Westowan. 

Truro. TR4 8AX 

COMMODORE PET 6502 chip, screen, 
data-cassette, manuals Some anennon 
required. Keyboard and case v g.c £25 
plus carnage Tel 0454-413350 
BBC B with DSDD Drive. ROM expansion 
board, full documentation, boxed, perfect 
condition . £150 Panasonic KXP1180 Dot 
Matrix Printer, boxed, perfect condition . 

£85 Tel: (0245) 450050 (after 5pm.) 

SAM COUPE S12K with disc drive and 50 
disks. £ 110 o 41 . 0 . Tel: (061) 7665712 (after 
7pm or weekends) 
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10. The Future - Towards the Brain 


■ 


by Greg Grant 



Comouters 



T he building of an electronic 
‘brain’ is an idea that has 
been around for at least 
half a century, and if the concept 
has a father, it is the British 
computer scientist Alan Turing, 
of Tilling Machine’ fame. Before 
this dream can become reality, 
however, the electronic hardware 
will have to be reduced in 
physical scale quite considerably. 

The total area of the average 
modem Large Scale Integrated 
circuit (LSI ) is already 
minuscule, yet it has to become a 
great deal smaller still to come even 
moderately close to the scales of the 
brain. So what have we got to do to 
achieve this level of technology? Are we 
working towards this goal now, either 
consciously or unconsciously? Assuming 
we are, can we succeed, and will there 
be any other technological spin-offs from 
the development work? 

All of these questions require a 
writer to brashly push his way into a 
field littered with the remains of those 
who have gone before — technological 
prediction. That said, let’s take a look at 
what’s happening presently and what it 
may lead to in the next century. 

Tb begin with, we’ve come a long way 
this last half century or so. Forty eight 
years ago there wasn’t a single computer 
in the world. Presently there are many 
millions of them, and in another half 
century they’ll be as common as the 
change in your pocket. 

A modem feature-laden digital 
watch, for example, does far more 
computing that either ENLAC, or the 
MIT’s ‘Whirlwind’, ever did. What’s 
more, the cost of computing has been 
reduced drastically over the same 
period, indeed by a factor of around 
ten million, according to one report. 

Present-day microprocessors, for 
example, carry out some ten million 
operations per second, burning up about 
1 W of power in the process. In energy 
terms, a single chip carrying out one 
operation consumes around 10 7 joules 
whilst the computer, of which the chip 
is but a minute part, uses up about 10" 5 
joules per operation. This means that 
the entire machine is only some two 
orders of magnitude less efficient than 
one of its integrated circuits. 

The transistors the chip contains 
currently have minimum dimensions of 
10^’ metres, or 1 micron (ljim). By the year 
2000 , the computer industry will have 
reduced these measurements further by 
a factor of ten or thereabouts. Impressive 
really, isn’t it? Yes - provided you know 
nothing about the brain and its 
capabilities. 

Tb begin with, the human brain 
contains some 10 16 synapses at which 
a nerve pulse arrives ten times every 
second or so. In short, the brain carries 
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out around 10 16 operations in a second, 
each of which consumes about 10 -16 
joules of energy. This makes it infinitely 
more efficient than present-day 
computer technology, and about a factor 
of ten million more efficient than any 
computer technology we can imagine. 
Hence computer science’s interest in 
the brain. But how close are we to 
approaching this sort of efficiency? 

Presently charging up the gate of 
a small transistor takes around 10~ 13 
joules. In another decade, this figure will 
have come down to around 10“ 15 joules, 
beginning to come close to the sort of 
energy economy of the brain. 

The Italian electronics giant Olivetti 
recently announced its A5 computer. It 
will have the performance of a laptop in 
the size of an electronic organiser or, as 
they are currently called, a palmtop. 

Then there are Flash Memory ICs, 
which retain their information when the 
power has been removed. Presently the 
Intel Corporation has put twenty of these 
ICs onto what it terms a ‘Flash Card’, 
which gives some 20M-bytes of storage 
on a piece of plastic having all the bulk 
of a Diners Card. What’s more, the 
Microsoft Corporation has developed 
software for it, which means that the 
card can mimic an operative hard disk. 

In the autumn of 1991, IBM 
announced the development of the first 
polymer that has a photo-refractive 
effect, in which light causes the 
electrical charges within the material to 
move, altering its refractive index. This 
could mean optical storage devices 
capable of holding 10* bits of 
information on an area the size of a full 
stop. 

This discovery is timely, for many 
research scientists and engineers 
reckon that we’ve reached the limit of 
inter-chip speed and handling capacity, 
due to the increasing difficulties of IC 


manufacture. Consequently, 
optical computers have become 
a distinct option. 

Optics are inherently 
parallel, and since light signals 
don’t interfere with each other, 
communications channels can 
be far more densely packed 
than their electronically- 
signalled counterparts. They 
therefore offer the possibility 
of huge parallel systems 
operating at far higher 
speeds than is possible with 
electronics. The photon could 
therefore replace the electron as the 
basic building block of future computer 
and communications systems. 

That, though, is some years away yet. 
Just as thermionic valves got smaller 
and a great deal more efficient towards 
the end of their active lives, so also are 
certain types of ICs. In fact there is at 
least a couple of orders of improvement 
to be had from the present generation of 
solid state devices. 

For example, current chip-packaging 
techniques are such that only a tenth of 
the package is actually used by the IC. If 
inter-device connection techniques were 
to be improved, the amount of chip 
space required could be reduced 
considerably. 

While a micron is minute on a 
human scale, it is massive on an atomic 
one. For example, a 1pm piece of 
semiconductor material is a T>ulk’ 
material. Once you bring the dimensions 
below 20nm, or some 35 atomic layers, 
it isn’t, and thanks to the development 
of molecular beam epitaxy, a technique 
for depositing atoms layer by layer, such 
thin material layers are now possible. 

In fact, it’s becoming a feat in itself to 
keep tabs on all the developments going 
on in computer technology. In 1989, for 
example, the generally accepted modem 
standard was 1,200-bit/s. A mere three 
years later this had risen to 9,600-bit/s. 

We can safely say that hardware will 
continue its relentless advance, as 
indeed it has done these last forty-odd 
years. As to the spin-offs, they will 
manifest themselves as obtusely as, one 
suspects, they’ve done in the past, one 
example of which is the ‘Clean Room’. 

This byproduct of computer 
manufacture is presently so efficient 
that one such area contains no more 
than a single half-micron particle of dust 
per cubic foot of air. This means that 
such areas are 1,000 times cleaner than 
the average operating theatre! 

Equally we could end up with a 
product which - although difficult to 
relate to computers - has a universal 
use. Tbflon was such a byproduct of the 
Space Race and, as we approach the 
atomic level, who knows what properties 
well discover in a variety of materials 
and subtle combinations of substances. 
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So much for what can, fairly 
accurately, be deduced from what we 
know currently. Babbage, you may 
recall, realised early on that his 
brainchild needed power, although 


it transpired that the power he’d 
envisaged using was already past its 
prime. 

This didn’t nullify his deduction, but 
merely made it dated. We must guard 


against making similar mistakes. 
Presently, semiconductor LASER 
techniques are advancing at a faster 
rate than computer technology 
generally. Such devices will have a 
considerable influence on the design and 
ergonomics of future optical computers, 
amongst other things. 

Looking further ahead, there is 
the on-going development of super¬ 
conducting materials, an area of 
scientific technology which is still very 
much in its infancy, yet one whose 
applications in computer technology 
could be crucial. Equally it may be that 
a technique or device that appears 
original or advantageous turns out to 
be theoretically more stunning that its 
practical application. One past example 
of this sort of paradox was the Wankel 
engine. Here too we must be prepared 
for the occasional disappointment, 
for that which reads better than it 
lives. 

That said, we are likely to be as 
surprised over the next forty years as we 
have been over the last forty. Those past 
developments weren’t simply surprising 
- they changed our world completely. We 
are, I suspect, in for another resounding 
repetition! 


PCB DESIGN SOFTWARE 


^Ta, 


RANGER 1 

XT/AT PC 
Circuit —PCB 


From Circuit Design 
Through to Artwork 
In One Package! 


£100 


Fully Integrated 
AutoRouter 


£50 

Exchange your easy PC 
For a free AutoRouter 


RANGER2 
XT/AT + 386 PC 

It has all the features you will ever need 
at an outstanding price. But now with a new 2 
layer 386 Ripup & Retry AutoRouter 



£599 


Option Pack 100% Router 
Simultaneous 6 layer Ripup & Retry 
AutoRouter with via Minimisation. 
Autocad DXF in & out. GERBER in. 


£350 




Call us for details & demo disk on 0705 591037 
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VtSA 


Seetrax CAE. Hinton Daubnay House, Broadway Lane, Lovedean, Hants. P08 0SG 

Tel: 0705 591037 Fax 0705 599036 
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There has been an increasing 
resurgence of interest in valve 
amplifiers in recent times. While 
rival magazines have featured 
odd valve circuits over the past 
few years (if sporadically), the 
great empire of Maplin has 
mainly ignored the subject - 
until recently 

Most commercial, ready-made 
valve amplifiers are classed 
in the high-power, Hi-Fi end of 
the market, and at this giddy 
altitude prices may begin at 
£1,200 or £1,500 and go up 
to however much you think you 
ought to pay, in one instance, 
the equivalent to the price of 
a house (honest!). 

Designed and Written 
by Mike Holmes 


T he resurgence has also 

affected many members of 
the Electronics staff, here at 
Maplin. The idea to produce a valve 
amplifier was sparked off by Graham 
Dixey’s senes of features on ‘Valve 
Technology', and somebody’s 
suggestion to follow this up with 
more projects. 

Further enquiries by this author 
revealed that at the more modest, 
lower powered end of the audio 
amplifier spectrum, nothing much is 
available in valve form. Furthermore, 
any ambitious ideas about 40 or 
50W designs were curtailed by 
the need to moderate costs (to 
you. the customer) to a reasonable] 
level. Valve amplifiers always cost 
much more than their 
transistorised counterparts, mainly 
because of the amount of 
‘ironmongery’ involved. This may 
have something to do with why the 
‘at least one stereo in every 
household’ situation is more a 
modern-day phenomenon The result 
of all this was to settle for a stereo 
20W design, which we present 
here, and it fills a gap which has 
been left empty for a very long time. 

Concept; 

In order to help spread expenses 
while putting it together, the 
complete system has been 
organised into just two separate 
kits. In this way each kit can be 
bought and built as and when funds 
permit, as an alternative to a large 
financial outlay all at once at the 
outset. These comprise one 
complete mono amplifier module, 
and a power supply unit as a 
separate module. To complete a 
stereo power amplifier, you will 
require two identical amplifier kits, 
and the PSU. The PSU is able to 
supply a pair of amplifiers, but it 
can also cater for a mono version. 



TUE 

MAPLIN 


MILLENNIUM 



Class AB1 Push-Pull Output 

* Non-Hybrid Traditional 4-Valve Design 

* Simplified Construction Using PCBs 
sfc Expandable Modular Concept 

Hi Mono or Stereo Options 

* No Setting Up Required 

* Minimal Test Equipment Needed 

APPLICATIONS 

* Domestic Hi-Fi/Stereo Music Systems 

* Small-Scale Public Address 

* Musical Instrument Amplification 
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(Other variations, include three-way 
and ‘quadraphonic’, or a pair of 
‘monoblocs’, which will require 
two PSUs.) 

The fully enclosed chassis (in this 
case, for the PSU) is common to 
all the units in the design, and all 
can be joined together to make a 
complete assembly if desired. More 
details about how to do this will be 
presented in Part Two. 

The main advantage of using 
the individual chassis is. apart from 
allowing each kit to be completed 
individually, that each unit will be 
self-contained and screened from 
its neighbours, communicating with 
them only via holes made for wiring 
looms. For the Power Supply 
Unit, this is restricted to the 
earth. HT supply line and 
heater pairs - only up 
to twelve wires 
in total. 



A Brief Description 
of the Amplifier 

Part One of this project is primarily 
going to deal with the construction 
of the PSU section, but a brief 
description of the actual amplifier 
is in order, so at least you will 
know what it’s about! 

Figure 1 shows a block diagram 
of the amplifier (primarily intended 
as one of a stereo pair) while the 
circuit diagram is shown in Figure 2. 
It is thoroughly traditional in design 
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I/P OV 
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Figure 1. Block diagram of the Millennium 4-20’ amplifier. 


8R 


and is typical of high quality power 
amplifiers of the 1950s and ‘60s 
It offers an output of up to 20W 
r.m.s. into 8£2. operating in class 
AB1. and has a total distortion 
figure of around 0-4%. and an 
input sensitivity of 220mV. A 
more detailed description will be 
presented in Part Two; suffice to 
say for the moment that, like all 
class B amplifiers (including solid 
state ones), it has three distinct 



Assembled Power Supply Unit PCB 


stages (as in Figure 1). these being 
a push-pull power output stage, a 
preceding phase-splitter stage (even 
transistor and 1C power amps have 
phase splitters, although they are 
not obviously clear to see), and 
some form of front-end stage which 
can incorporate a negative feedback 
loop to set the gain and control the 
overall circuit. 

The brief history of how this 
design evolved is interesting in itself. 
A rough idea was ‘cobbled’ together 
using scraps of data gathered from 
here and there, and then, as more 
detailed data was obtained, it began 
to take on a more practical aspect. 
At this point the output stage was 
more or less established, and the 
specification of the output 
transformer determined. This was a 
crucial step, because the design of 
both the remainder of the amplifier 
and the power supply hinges on 
that of the output transformer. 

Ignoring pressure from other 
sources (sorry, Alan!) to adopt 
a ‘concertina’ type phase splitter, 
where equal value cathode and 
anode resistors are used to derive 
the opposing-phase drive signals, 
























































I stuck to the intention of using 
the long-tailed-pair. push-pull 
configuration (V2a and b in Figure 
2). This was because: 

1. the unity gain version is already 
demonstrated in the Velleman K4000 
design, and I wanted to show the 
other variation; 

2. I know this configuration 
from experience and have used 
it successfully before for various 
purposes; and 


3. it reduces the number of 
signal coupling capacitors otherwise 
required Apart from that it has a 
kind of elegant symmetry. 

The main argument against the 
long-tailed-pair configuration is 
that there is a mismatch of signal 
amplitudes between the two 
opposing phase outputs, due to 
losses incurred in coupling the signal 
through to V2b via the common 
cathode connection. (While V2a 


operates in common cathode mode 
and is an inverting amplifier. V2b 
is a non-inverting amplifier working 
in commoned signal grid mode, 
receiving its input at its cathode.) 
The result is that the (non-inverted) 
output from V2b anode is at a 
slightly lower level than that of 
anode V2a, but this is not a huge 
error and is easily corrected (to 
be discussed in Part 2). This is in 
part due to sensible design of the 


siouuxua) 

ja^oads 



Figure 2 Circuit diagram of the amplifier 
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stage, and the fact that the ECC83 
was developed with this kind of 
application in mind, amongst 
others, and although the otherwise 
obtainable, effective amplifying 
power of each valve is reduced 
by half, the stage still manages an 
open loop gain of 28dB with close 
symmetry. 

However, not using the unity gain 
splitter, which must be preceded 
by an amplifying stage as it has no 
signal gam of its own. and which 
could incorporate the negative 
feedback loop, meant that a further 
valve was needed at the input to 
fulfil this function. The EF86 was 
chosen, mainly because it is a single 
device in one 'envelope' (valve-speak 
describing the glass tube). Having 
to use one half of a triode pair, for 
instance, would have defeated 
the object of being able to treat 
one amplifier as a complete, self- 
contained. single entity, and a 
complete single module, as explained 
earlier. 

Shortly after this, more data 
became available, namely genuine 
Mullard circuit designs, and it 
turned out that what I had put 
together was very similar to an 
original Mullard design published 
in 1962! From this information 
the design was finally 'beaten into 
shape’ in the form shown in Figure 2 
— for instance, one detail overlooked 
was that many valves have one 
thing in common with some 
modern analogue ICs; the peripheral 
circuitry must be adapted to the 
device, and not the other way 
around. (The main revisions affected 
the values of resistors associated 
with VI .) The proposed output 
transformer design was nearly 
correct also (amazing!) and needed 
only minor adjustment. The final 
specification is listed in Table 1. 

The result of all this is that the 


Amplifier type: 

Line supply voltage (HT): 

HT current consumption: 
Heater current consumption: 
Maximum output power: 

Gam: 

Input sensitivity: 

Frequency response: 


Risetime (1kHz square-wave): 
Overshoot and ringing 
(1 kHz square-wave): 

Phase shift error: 
Signal-to-noise ratio: 

Output noise (input grounded), 
hum: 

white Noise: 

Harmonic distortion: 
Intermodulation distortion: 
Beat-note distortion: 

Output impedance: 

Damping factor: 

Output Transformer Details 

Primary anode-to-anode 
impedance (Ra/ a ): 

Screen grid taps: 

Winding distribution: 

Speaker load matching: 

Low frequency cut-off: 

Primary resonant frequency: 


Table 1. Specification of Amplifier. 

final design, as you see it now, is 
so close to the Mullard original as 
to be virtually identical - simply 
because Mullard had already worked 
out all the finer design details 
beforehand; I merely rediscovered 


Class AB1 'Ultra-Linear' 

400 to 450V DC 

125mA nominal (HT = 440V) 

3 5A 

20W r.m.s. (27W absolute maximum. 
HT = 440V) 

30dB 

220mV for 20W Output 
25Hz to 30kHz ± 0*5dB @ 20W 
—3dB @ 75kHz @ 20W 
<10Hz to <40kHz ± 0-5dB @ 1W 

4 jos 


<3mV peak 
<2mV peak 

0 05% (0*1% @ 27W) 

0-7% of earner (1% @ 27W)* 
0-25% (0-3% @ 27W)t 
<0 2n 

50 approx. 


6-Bkn 

43% from CT 
Five sections of interleaved 
pnmary and secondary windings 
8^2 only 

25Hz @ 20W throughput 
80kHz approx. 


the problems that they cured along 
the way. Mullard's circuit has been 
public domain information since early 
times, and the amplifier had. to use 
an expression, become 'a legend in 
its own lunchtime. . . .’ 


« 10 % 

20° @ 20kHz 
89dB 


* 10kHz carrier modulated with 40Hz at a ratio of 4:1. 
t Equal amplitude signals of 14 and 15kHz. 

Items marked (*) and (t) are based on Mullard’s equivalent prototype amplifier 
Some of these values may vary slightly for different kit amplifiers 



Figure 3 Circuit diagram of the power supply unit. 
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Transformer primary 

input voltage; 

240V AC 50Hz 

Valve heater (secondary) 

circuit type; 

Earthed centre-tap balanced AC 

Heater output voltage: 

6 3VAC50Hz (3-15V - 0 - 3 15V) 

Heater output current: 

7A maximum 

HT secondary output voltage: 

350V AC maximum 

HT secondary output current: 

250mA maximum 

HT output voltages, 

no load: 

480 to 500V DC 

single amplifier powered: 

430 to 440V DC (half load) 

two amplifiers powered: 

370 to 400V DC (full load) 

HT Ripple: 

< 6% of total DC at full load 

Power Consumption, 

HT Heater Total Mains current 

single amplifier: 

55W 22W 77W > 320mA 

two amplifiers: 

96W 44W 140W < 700mA 

Cold switch-on mains in-rush 

current at full load: 

> 800mA 

Primary side protection: 

1A ‘quick-blow’ fuse 

Main line DC HT protection: 

250mA anti-surge fuse 

Unloaded or open-circuit HT 

reservoir discharge method: 

Constant leakage resistor 

Unloaded HT reservoir 

discharge time. 

1 minute approx., 500V to OV 


Valves versus 
T ra ns is tors 

Why bother, you may well ask 
(especially you younger readers); 
aren’t transistors supposed to be 
better, isn’t that why they made the 
valves obsolete? It’s not really a fair 
comparison; valves and transistors 
are as different as chalk and cheese. 
Semiconductors are simply more 
convenient to use compared with 
valves, which consume lots of 
power, take up a lot of physical 
space and output no mean amount 
of heat 

However, as signal amplifiers, 
valves have a superior linearity that 
may only be equalled by some FETs. 
This means that, as audio amplifiers, 
any harmonic distortion introduced 
practically consists of even 
harmonics only (2nd, 4th, etc.) 
in the case of triodes. i.e. f there 
are few odd harmonics. Since the 
human ear follows a logarithmic law 
to interpret the scale of tones (as 
it does a logarithmic scale of sound 
levels), even harmonics arising from 
harmonic distortion go relatively 
unnoticed, whereas odd harmonics 
are detectable. One result of this - 
as borne out in listening tests - is 
the ability of this amplifier to handle 
a complex mix of musical harmonics 
and manage to keep them distinctly 
separate, instead of smearing into 
each other. This is quite apart from 
the unique transfer characteristic, 
the way valves actually handle the 
flow of electric current as nothing 
else does. If the quality of the 
sound is important then, for many 
afficianados, valves excel. 


Table 2 Specification of Power Supply. 

The other component that may be 
regarded as 'highly suspect' as far 
as sound quality goes is the output 
transformer, essential for matching 
the valves’ high output impedance 
to the low impedance of a 
loudspeaker, and I must admit 
that I myself have been guilty of 
believing audio transformers to be 
hopeless at carrying audio with any 
semblance of quality. This is a myth 
of course; if the item in question is 
horribly designed and crudely made 
this may be true. However, if well 
designed (and valve transformer 


design is a law unto itself, and 
almost in danger of being lost 
to posterity along with other 
'ancient skills’ like shoeing horses 
and thatching roofs), it’s a totally 
different story. 

The Power Supply 
Unit 

The amplifier is not going to do 
anything for us however without 
a suitable power supply! Therefore 
the remainder of the text deals 
with constructing the PSU. which 
should be built and tested first. 



Figure 4 PCB legend and track. Important Note: for safety reasons the ready-made PCB must be used, since this has a 
solder resist PCB track is shown here for information only. 
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under 
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M4 Screw 


Power Supply 
Description 

The circuit of the PSU is shown 
in Figure 3. and the details of its 
power output is rather different to 
that normally associated with solid 
state circuitry! (see Table 2). There 
isn’t really very much to it. the main 
component being transformer T1, 
whose function is to provide the 
HT source and the valve heater 
current. 

Firstly, 240V AC mains power 
comes in via a fused and filtered 
euro inlet chassis socket SKI. Earth 
is directly connected to chassis 
through the metal body of the 
socket, while both Live and Neutral 
are taken to the DPST front panel 
on/off rocker switch SW1. From 
here it is applied to T1 primary. 

The valve heater secondary is 
at the standard low potential of 
6*3V AC, and has a centre-tap 
connected to OV. This results in 
equal and opposite phases of 3-15V 
alternating around earth potential, 
and is the classic method of 
preventing hum injection into 
sensitive circuitry from heater 
wiring In addition, this is further 
aided by all heater wires being 
communicated to the various valve 
heater pins as twisted pairs, such 
that the opposing electric fields 
cancel out. 

The heater current output 
capacity of 7A may be surprising, 
but this of course is the main area 
where valves are wasteful of power. 
Most of this output is consumed 
by the four EL34 output pentode 
valves (for a stereo system), 
which are extremely current hungry 
(1-5A each). The remaining 1A is 
distributed among the remaining 
small-signal valves. 

The HT winding is single phase, as 
opposed to the traditional bi-phase 
configuration, as a concession is 
made here to semiconductor 
technology and a bridge rectifier, D1 
to D4, is used. It would have been 
nice to go completely valve’ and 
employ a bi-phase rectifier such as 
the GZ34, but the diodes are by far 
the cheapest option, and the single 
phase winding that these allow 
greatly reduces the cost of the 
transformer also. In addition the 
peak voltage between any two 
points never exceeds the peak of 
490 to 500V, and this minimises 
the risk of creepage on the PCB, 
on which these diodes are contained 
with the other HT components. 

The output of the HT winding, 
of 350V AC (max.) at 250mA 
(approx. 100W), is applied after 
rectification to the main reservoir 
Cl. charging it to approximately 
400 to 450V DC (depending on 
load; 500V DC if no load). In parallel 
with this is the safety discharge 
resistor R1 (more of which later). 


Figure 5. Mounting capacitor Cl. 



WARNING! 

Before proceeding with any kind of 
work on this circuit, take heed — 
high voltages CAN KILL! NEVER 
touch any high voltage part of 
the circuit with either fingers or 
uninsulated tools unless the power 
is OFF! While power is on, you 
should only touch any part of a 
circuit with an insulated test probe 
when required Every time you switch 
off, adopt the following industrial 
safety procedure, known by the 
anacronym ’SIDE’, which spells out 
the following steps: 

SWITCH OFF - Switch off the mam 
PSU front panel rocker switch, and 
switch off at the mains outlet wall 
socket. 

ISOLATE - Pull the mains lead out of 
the mains inlet socket at the back of 
the PSU. 


DISCHARGE - Discharge the main 
line HT reservoir capacitor to zero 
volts (NOT with a screwdriver!). 
EARTH - Earth the main line HT to 
chassis OV with a leakage resistor 
to prevent any electrolytics 
recovering a charge from their 
own dielectric absorption. 

In the design of the PSU 
‘discharging’ and ‘earthing’ is 
automatically taken care of by R1 
in the PSU circuit Please note that it 
may take the resistor up to 1 minute 
to completely discharge the unloaded 
HT to OV. To make doubly sure, you 
MUST test the mam line HT with a 
multimeter set to high DC volts (e g.. 
500 or 1,000) before touching any 
part of any circuit. This shall hereon 
be referred to as ‘the SIDE 
procedure*. DONT CUT CORNERS! 

Construction 

Building the PSU will be mainly 
earned out in two parts. To begin 
with it may be easier (and, perhaps, 
more familiar) to assemble the PCB 

With reference to the PCB legend 
Figure 4 and the Parts Ust, begin by 
inserting and soldenng the five PCB 
pins into their respective holes at 
PI to P5. Note that the largest 
of these will only fit in the larger 
hole near the top of the board. PI 
COVE’). This will be the common 
earth terminal for the PSU. 

Fit resistors R1 and R2, noting 
that R1 is a 1W carbon type. 

Before any more bulky components 
are installed, fit and solder diodes 
D1 to D4, and ceramic disc 
capacitors C2 to C5. Do make 
sure the diodes are all the correct 
way round, where the cathode 
marker band at one end of the body 
of each aligns with the white marker 
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Figure 7a Chassis drilling details. 


on the PCB legend! Next install the 
fuseholder clips for FS2, followed 
by C6 

Prepare and fit the 68jjF 500V 
can electrolytic Cl. as graphically 
shown in Figure 5. First, attach and 
solder short lengths (about Thin.) of 
stranded black hook-up wire to the 
two M4 solder tags supplied with 
the kit hardware, before fixing the 
tags to the threaded terminals 
of the capacitor. WARNING: the 
polarity of this capacitor is not 
clear; the ( + ) terminal is only 
identified by a tiny ( + ) symbol 
embossed on the black insulator 
material adjacent to the actual 
plus terminal itself. DON’T get them 
confused! The ( + ) terminal must 
correspond to ( + ) on the PCB 
legend when Cl is strapped in place. 

Attach the solder tags to the 
threaded terminals of Cl using the 
M4 hardware supplied with the 
capacitor. Place the shakeproof 
washer underneath the tag washer; 


this prevents the tag washer 
twisting round when the fixing 
screw is tightened Both tags must 
point down toward the PCB. where 
the ( + ) terminal is towards the 
centre of the PCB 

Trim and strip the hook-up wires 
to reach and pass through the ( + ) 
and (-) PCB holes when you lay Cl 
in position on the board. It is held 
in position by two 140mm tiewraps 
used in combination; that for the 
top loop is inserted fully through 
one of the holes provided in the 
PCB up to its catch from the track 
side, looped over Cl and then down 
through the hole on the other side. 
The lower tiewrap is then used to 
secure these two ends underneath. 

Solder and trim the hook-up 
wires to their solder pads on the 
track side of the PCB You may 
now insert VAin. fuse FS2 (250mA 
anti-surge type). 

Lastly, fix the 3-way screw 
terminal block in position at TB1 


as shown in Figure 6 using the 
two long M3 screws, nuts and 

shakeproof washers DO NOT 
overtighten or the block will be 
distorted. Connect a short length 
(approx. VAin.) of black 3202 wire 
between the larger common OVE pin 
(PI) and the central screw terminal 
of the block, on the side facing in 
toward the centre of the board. 

Double-check the PCB for the 
quality of solder joints and correct 
orientation of components. Once 
the PCB is installed in the chassis 
I it will be quite awkward to remove 
again to correct errors! Using an 
ohmmeter. check again the correct 
polarity of all four rectifiers D1 to 
D4 - there should be the same high 
resistance registered on the meter 
scale when the probes are applied 
to the ’IN 350V* input pins P4, 

P5 either way round, which will 
increase to approximately 470 to 
500kf2 and stop once Cl has 
charged. If this is not the case, 
trace and rectify the problem now. 

The PCB includes a solder resist 
on the track side. After removing 
flux with a PCB cleaner, track side 
solder joints should be covered with 
a conformal coating to help the 
solder resist prevent creepage, 
or tracking, between points of high 
potential difference. Some areas are 
at the full HT line potential (up to 
500V DC), specifically in the areas 
occupied by D1 to D4. Cl and FS2. 

Preparing the 
Chassis 

Cutting and drilling details are given 
in Figure 7a and b. All holes are made 
in the main body of the 8 x 6m. 
aluminium chassis; the removable lid 
will become the bottom, not the top! 
In summary these are: 

Top panel: rectangular cut-out for 
T1 solder-tag side with four 5mm 
dia. bolt holes, plus two 4mm dia. 
holes for M4 PCB support pillar 
screws in the positions indicated. 
Front panel: neon rocker switch 
SW1. 

Rear panel: fused euro mains inlet 
socket. 

Right-hand side panel: cable loom 
access hole near rear end (Thin. dia ). 

The transformer T1 is designed 
along the traditional style for valve 
transformers in general, and its 
mam feature is the method of 
mounting. T1 is actually mounted 
on top of the chassis, and is not 
enclosed inside it. For this reason it 
has a steel top cover to shield the 
internal former and comply with 
safety requirements. The other 
side of the former possesses all 
the connection points, and this is 
inserted fully into the intenor of the 
chassis and is out of harm's way in 
use. 

Important note: due to the 

heavy gauge of the heater windings. 
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Figure 7b. Alternative method for making the cut-out for the transformer. 


these are not terminated with 
conventional solder-tags. Instead 
the actual copper wire is brought 
out and sleeved for direct 
connection. Although strong, avoid 
bending them about more than is 
absolutely necessary. 

It can be rather awkward making 
the cut-out and drilling for T1, 
but I’ve found one good trick is to 
proceed as shown in the sequence 
Figure 7b. Remove all four bolts 
from the transformer and remove 
the top cover. Using the cover as a 
template, position it on the chassis 
top according to Figure 7a. and 


draw round it with an indelible felt- 
tipped marker (such as a fine tipped 
PCB pen) to trace the rectangular 
outline. Then mark the four corner 
bolt holes by ringing them round 
inside with the pen. On removal of 
the cover the four bolt holes will be 
marked exactly, as the first stage 
in Figure 7b. Do not reassemble 
the transformer yet. 

Drill the four holes out to 5mm 
diameter. Now comes the tncky bit. 
but ingenuity is to the rescue. Using 
a steel rule and the indelible marker, 
draw two lines between each pair 
of holes that share the longest side 


of the rectangle in each case, such 
that each line touches the edges 
of both holes on the inside of the 
rectangle. 

Stand the core of T1 up on its 
longest side on the chassis top such 
that two bolt holes align with two of 
your drilled holes. Looking vertically 
down the edges of the former you 
can now mark where the ends of 
the former will be and draw two 
lines ACROSS the rectangle, 
intersecting the first two lines. You 
should now have an inner rectangle 
which, when cut out as in the last 
part of Figure 7b, is in area equal 
to the space required for the T1 
former, complete with solder-tags, 
etc., to pass through, but which 
does not encroach on any of the 
bolt holes (important to maintain 
strength in the chassis). 

If you are going to use a nibbling 
tool to cut the rectangle, you 
cannot operate it from inside the 
box due to an acute lack of 
manoeuvring space. In this case, 
drill a small hole (e.g.. Viein.) at 
each corner of the inner rectangle 
from the outside, turn the chassis 
over and join these holes using a 
short straight edge and the marker 
pen on the inside surface. After 
making a hole big enough for the 
nibbler you can then trace its 
course by following the lines on 
the inside. 

Don’t forget also the rear mains 
inlet and front panel switch cut-outs 
(Figure 7a). The same trick can be 
used for these. Also, to the rear of 
the right side of the chassis, a 72 in. 
dia. hole is needed for cable exits 
to adjoining chassis. This then has 
the 9-5mm grommet inserted An 
adjoining chassis will have to have 
a corresponding 3 / 4 in. (15mm) dia 


This orrongement 
for ONE 
corner only 


This orrongement 
for other 
THREE corners 


M5 Bolt 


Remove varnish 
under shakeproof 
washers at ALL 
four corners 


M5 Bolt 


Fibre 

washer 


Top 

cover 




Figure 9 Mounting the PSU PCB 


hole to clear the outer diameter of 
the grommet when it butted up to 
the PSU chassis. 


Assembling The 
Chassis 

With all holes prepared, begin by 
mounting T1 with reference to 
Figure 8 (the sooner you get used 
to man-handling this lump the 


Figure 8 Mounting the transformer T1. 
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properly seated (modify the cat-out 
to fit if necessary), carefully turn the 
whole assembly over 

Replace the steel top cover and 
reinsert three of the four comer 
bolts which should drop straight 
through the chassis beneath Don't 
forget to include the fibre washers! 
However, the fourth bolt should 
have its fibre washer replaced with a 
M5 shakeproof washer (see Figure 
8) At the same time you must 
manoeuvre a M5 shakeproof washer 
underneath each comer of the core 
until each bolt passes through them 
(four m total). The teeth of these 
washers will bite into both the core 
and chassis when the bolts are 
tightened, ensuring electrical 
continuity between these two. as 
graphically shown in Figure 8 

Supporting the chassis on its side 
with T1 in situ (don’t let it move!), 
replace three of the remaining fibre 
washers, plain washers, shakeproof 
washers and nuts only onto those 
bolts also having fibre washers at the 
top. and tighten lightly For the bolt 
having the shakeproof washer at the 
top. only replace its M5 shakeproof 
washer and nut. excluding the 
plain and fibre washers By having 
shakeproof washers at top and 
bottom, this bolt will ensure 
that the top cover is electrically 
connected to the chassis also 

Using a screwdriver above and a 
2BA or equivalent spanner beneath, 
tighten all four bolts evenly a bit at 
a time, swapping diagonally. Do not 
overtighten or the fibre washers 
may be destroyed These are 
important for those bolts that have 
them, as they help prevent each 
attempting to behave as a shorted, 
single-turn winding as they pass 
through the core. 

This done, install the mains 
rocker switch by pressing it into its 


better) First of all. to comply 
with Class 1 requirements for 
mams powered equipment, we must 
ensure that the core and top cover 
of T1 are satisfactorily earthed to 
the chassis metalwork on fitting 
This is not necessarily automatic 
because the core is varnished and 
may be insulated With a strong 
knife or similar, remove the varnish 
layer surrounding ALL mounting 
holes on the bottom (tag) side 
With T1 upside-down on the 
bench (solder-tags uppermost). 
gently manoeuvre the chassis over 
the solder-tags, heater wires and 
former until it seats on the core 
The mams input connections must 
be toward the rear, and the HT 
secondary and heater wires must be 
toward the front panel This method 
is preferable to trying to insert T1 
into the chassis from above, which 
will certainly break an exposed 
fine wire or two if it slips With it 



Inside view of the PSU chassis showing wiring 


T _—X 



Figure 10a Mains side wiring diagram 
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rectangular cut-out (all terminals 
orientated toward what will be the 
top of the chassis) then the fused 
euro mains inlet socket at the rear 
(fuse tray toward what will be the 
bottom of the chassis). The body will 
automatically make an earth 
connection with the chassis when 
secured in place with two M3 x 
10mm bolts, shakeproof washers 
and nuts. If you are going to paint 
the chassis first, make sure to leave 
bare metal around the vicinity of 
this socket’s fixing points, or mains 
earth may be isolated from the 
chassis by the paint! 

Finally, mount the two M4 x 
14mm threaded spacers to the 
inside of the chassis if not already in 
place, using the two M4 x 10mm 
screws through the top panel, see 
Figure 9. 

Mains Wiring 

Complete the mains side wiring with 
reference to Figure 10a Prepare 
two 7cm lengths of greerVyellow 
6A wire with one V 4 in. push-on 
connector crimped and soldered 
onto two stripped ends (no 
insulating sleeve required), and push 
the connector onto the 74 in. earth 
terminal of SKI One wire connects 
to the PCB (see next section), the 
other connects to an M3 solder tag 
which bolts to the case 

Prepare one blue and one brown 
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8cm lengths of 6A wire with 
insulated 74 in. push-on connectors 
at each end. and include the 
insulating boot for SKI. Prepare a 
further blue and brown pair 11cm 
long, with insulated connectors at 
one end of each only. 

Referring to Figure 10a, connect 
together the Uve and Neutral 
terminals of the euro mains inlet 
socket SKI with the lower (as you 
see them now) Live and Neutral 
terminals of the rocker switch 
SW1 (not the central pair), with 
the Brown and Blue 8cm leads. Also 
push the black earth lead from the 
earth terminal of SKI through the 
boot, and cover all connections of 
SKI with the boot. The boot should 
be stretched over the rear end 
of the metal body of SKI, and will 
need persuading with a thin bladed 
screwdriver or similar, and perhaps 
a little lubricant. (It may be a good 
idea to press the boot onto SKI as 
soon as you receive the kit to train* 
it into the right shape before final 
assembly.) Likewise connect the 
11cm Brown and Blue leads to the 
central terminals of SW1. After 
slipping on 1 inch lengths of heat 
resistant sleeving, strip and solder 
the other ends of these leads to the 
240V mains primary solder-tags of 
T1; trim lengths to suit. To fit the 
transient suppressor, sleeve its 
leads with offcuts from 6A wire and 


connect directly between the 
primary solder-tags of T1. Cover 
both tags with the heat resistant 
sleeving. 

Finally install the 1A fuse FS1 into 
the fuseholder tray of SKI (the tray 
is released by squeezing the clips at 
either side). If the PSU is going to 
be physically joined to further 
chassis (which is almost certain), 
you will need to make up an earthing 
strap from the remaining green/ 
yellow 6A wire with a M3 solder tag 
at each end. Upon two chassis being 
bolted together, the earthing strap 
must connect both electrically by 
being attached to each via dedicated 
fixings, using M3 x 10mm bolts, 
shakeproof washers and nuts at 
each tag washer. The M3 hole 
adjacent to SKI position 
on the rear panel (Figure 7a) 
is for this purpose. 

Wiring Up The PCB 

With the chassis upside down and 
the front panel facing you. the PCB 
is mounted onto the two 14mm 
pillars with the terminal block 
nearest T1 (i.e. uppermost). Fix in 
place with two M4 x 6mm screws 
into the pillars, see also Figure 9 
The positions of these pillars in the 
chassis as shown equate with the 
positions of the mountings of the 
amplifier PCB for neatness; you 
may move them if you wish. 
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Refer to Figure 10b for the 
secondary side wiring. Before you 
do anything else, now is a good 
time to connect up the heater wires 
from T1. which all go to the top side 
of the 3-way screw terminal block 
TB1. First solder together the red 
sleeved centre tap pair. Beginning 
with one of the black sleeved single 
wires, manipulate all three to insert 
and secure them into the top side of 
the terminal block such that the red 
sleeved pair is in the middle (and 
connected to the ’OVE’ pin PI on 
the PCB), and the black ones are 
at the outermost ends of the block. 
These wires are extremely stiff and 
you will need long-nosed pliers and 
lots of patience! Screw down each 
fairly tightly in its terminal to ensure 
a good connection. Double-check 
with an ohmmeter that you have 
continuity (very low resistance) 
all the way through from one end 
to the other, and to the common 
□VE’ pin PI on the board. 

Strip and wrap and solder the 6A 
green/yellow earth wire from SKI 
to pin P3 marked CHASSIS’. Check 
with an ohmmeter for continuity 
between ’OVE’ pin PI and the 
chassis itself, it should be 10012 
The function of the 10012 resistor 
R2 is to block any earth loop formed 
between chassis mams earth and 
circuit or signal earth COVE’), 
without the two completely losing 


contact for screening purposes. 

If internally wired up properly as 
described, it is possible to connect 
the amplifier(s) with PSU physically 
attached to a mains earthed signal 
source with a screened lead, with 
continuous screening on both cables 
if stereo, commoned at the source 
end by the source’s common earth 
without creating an audible hum loop. 

Using the black hook-up wire, 
wrap and solder two lengths 
between the IN 350V' pins P4 and 
P5 and the 350V secondary tags 
of T1. and sleeve the tags with heat 
resistant sleeving. This completes 
the construction of the Power 
Supply Unit. 

Testing The PSU 

With the chassis still upside down 
and the bottom cover off. plug a 
euro mains lead into SKI. switch 
on at the mains socket and switch 
on the front panel rocker SW1. The 
red neon lamp should light and the 
transformer may be heard to hum 
slightly (the chassis might even feel 
‘tingly’ to touch, but don’t worry, 
it's only vibration!). 

Set a multimeter to its highest 
(e g.. 500 to 1000V) AC range, 
and with insulated probes check 
for 350V AC (approximately) at T1 
secondary output pins P4, P5 on 
the PCB (’IN 350V’). Remove 
probes. Switch to 10V AC range or 


equivalent, and check heater supply 
output across the terminal block. It 
should be 6 3V between both black 
leads, and 3-15V between either 
and the common earth ’OVE’ PI 
on the PCB. 

Switch to a high DC volts range 
(500 to 1000V), and test the main 
line HT output against ‘OVE’ (black 
probe to PI. red probe to P2). It 
will very likely be quite high at nearly 
500V DC or so. In actual use. with 
amplifiers connected, the HT level is 
reduced, due to internal winding 
resistance in the T1 HT secondary, 
to <450V. Remove probes. 

Switch off at the front panel. 
Stand by with the multimeter 
probes and re-check the HT level. 

It should be falling; this proves that 
the safety discharge resistor R1 
is working. If you need to sort out 
a problem, carry out the complete 
SIDE procedure BEFORE TOUCHING 
ANYTHING! It will take nearly a 
minute for the HT to completely 
discharge, in the absence of any 
other load. 

If all is well after the above tests, 
switch off at the mains socket and 
remove the mains lead Apply both 
the Mains Warning and High Voltage 
Warning Labels to the bottom cover, 
and temporarily fit it to the chassis 
with four of the self-tap screws 
provided, until you need to open it 
again to connect up an amplifier, 
which will be next month. 


VALVE AMPLIFIER PSU PARTS LIST 



RESISTORS All 0 6W 1% Metal Film (Unless specified) 

M4 x 6mm Steel Bolt 1 Pkt (JY13P) 

R1 

470k 1W 

1 

(C470K) 

M4 Solder Tag 1 Pkt (LR63T) 

R2 

10012 

1 

(M100R) 

M3 x 20mm Steel Bolt 1 Pkt (JY25C) 





M3 x 10mm Steel Bolt 1 Pkt (JY22Y) 

CAPACITORS 



M3 Steel Nut 1 Pkt (JD61R) 

Cl 

68jaF 500V Can Electrolytic 

1 

(DM57M) 

M5 Shakeproof Washer 1 Pkt (BF42V) 

C2-5 

10nF 1000V Disc Ceramic 

4 

(JL04E) 

M3 Shakeproof Washer 1 Pkt (BF44X) 

C6 

220nF Mylar 

1 

(WW83E) 

M3 Solder Tag 1 Pkt (LR64U) 





140mm Long Tie-Wrap 2 (BF92A) 

SEMICONDUCTORS 



SW1 DPST Red Neon Rocker Switch 1 (YR70M) 

D1-4 

1N4006 

4 

(QL78K) 

Mains Warning Label 1 (WH48C) 

MISCELLANEOUS 



High Voltage Warning Label 1 (DM55K) 
PCB 1 (GH59P) 


Aluminium Chassis AC86 

1 

(XB68Y) 

Instruction Leaflet 1 (XU45Y) 

T1 

Valve Amp Mains Transformerl 

(DM54J) 

Hnnstructors’ Guide 1 (XH79L) 

SKI 

Fused Mains Inlet/Filter 

1 

(KR99H) 

t u/mv/i 




Insulating Cover for above 

1 

(JK67X) 



FS1 

FI A 20mm Fuse 

1 

(WR03D) 

The Maplin 'Get-You-Working’ Service is available for this project, 


TS1 

250V AC Transient Suppressor 1 

(HW13P) 

see Constructors’ Guide or current Maplm Catalogue for details 


FH1.2 

1 V 4 in. Fuse Clip 

2 

(KU28F) 

The above items are available as a kit, which offers 


FS2 

T250mA 1 %in. Fuse 

1 

(UKOOA) 

a saving over buying the parts separately. 


TB1 

5A Terminal Block 12-Way 

1 Strip 

(HF01B) 

Order As LT44X (Valve Amplifier PSU Kit) Price £49 95 C6 



Black Hook-Up Wire 

1 Pkt 

(FA26D) 

Please Note: Where package’ quantities are stated in the Parts 



Red Heat-Resistant Sleeving 

1m 

(BL70M) 

List (e g., packet, stnp, reel, etc ), the exact quantity required 



1mm PCB Pin 

1 Pkt 

(FL24B) 

to build the project will be supplied in the kit. 



1 3mm PCB Pin 

1 Pkt 

(FL21X) 




Push-On V 4 in. Connector 

1 Pkt 

(HF10U 

The following new items (which are included in the kit) are 



Push-On Vain. Covers 

1 Pkt 

(FE65V) 

also available separately, but are not shown in the 1994 



9 5mm Grommet 

1 Pkt 

(JX63T) 

Maplm Catalogue 



Green/Yellow 6A Wire 

1m 

(XR38R) 

Valve Amp PSU PCB Order As GH59P Price £3 65 



Brown 6A Wire 

1m 

(XR34M) 

High Voltage Warning Label Order As DM55K Price 95p. 



Blue 6A Wire 

1m 

(XR33L) 

Valve Amp Mams Transformer Order As DM54J Price £26 95 C5 



M4 Threaded Spacer 

1 Pkt 

(FG39N) 

68|if 500V Can Electrolytic Order As DM57M Pnce £8 95 



M4 x 10mm Steel Bolt 

1 Pkt 

(JY14Q) 
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by Graham Dixey 

C.Eng., M.I.E.E. 


Rectification is the process of con¬ 
verting an alternating voltage into a 
unidirectional one. This may be 
performed by using a unilateral 
device such as a diode and, in the 
last article, we looked at a number 
of circuits that did just that. The 
DC output voltage depended pri* 
marily upon the value of the AC 
input voltage and upon the nature 
of the rectifier circuit i.e. half-wave 
or full-wave type. Apart from these 
considerations, there was no other 
control over the value of the out¬ 
put voltage. You can use a more 
sophisticated stabiliser section, 
after the basic transformer/rectifier 
stage, which would itself incorpor¬ 
ate the required degree of control. 
The diode, by its very nature, 
always started to conduct when it 
had sufficient forward voltage, this 
being about 0-6V for silicon 
devices. 


T he Silicon Controlled Rectifier, or 
SCR for short, is a four-layer diode 
with a third terminal, known as 
the 'gate'. This electrode allows the 
conduction point (in time) to be deter¬ 
mined by the application of an exter¬ 
nal signal. Thus, the limitation that the 
device will always begin to conduct 
when the forward voltage across it 
reaches approximately 0-6V is lifted. 
Since the SCR only conducts when the 
gate conditions are right, and when the 
anode is positive with respect to the 
cathode, it follows that the SCR can 
also be used to rectify an AC input. 
Additionally, there is the added advan¬ 
tage that the output is fully controllable 
by governing the conduction point of 
each cycle of the alternating input. 

In this article, we shall look at a 
number of rectifier circuits that make 
use of SCRs. However, before we do 
so, it is useful to look briefly at the use 
of the SCR in fields where rectification 
is not required but where the 'latching' 
property of the SCR can be usefully 
employed. These applications are 
usually found where the supply is DC. 


THE SCR AS A LATCH 

In Part One of this series, we discussed 
the basic principles of operation of the 
SCR. We found, for example, that it 
was possible to make the SCR go from 
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a DC blocking condition to one of 
conduction, by supplying the correct 
combination of forward voltage and 
gate current. For a given forward volt¬ 
age, a particular value of gate current 
will cause the device to switch from 
the non-conducting to the conducting 
state. The lower the forward voltage 
across the SCR, the more gate current 
is required, and vice versa. If the for¬ 
ward voltage between anode and cath¬ 
ode is high enough, the SCR will 
conduct even when the gate current is 
zero. There are various ways of supply¬ 
ing the gate current and Figure 1 
shows a circuit embodying what must 
be the simplest method. 

In this circuit, the SCR is required to 
switch on a lamp. With the two 


S2 

•OFF’ 


+1 2V 


ov 

o 


SCR i 
Cl060 - 


\12V 

ri ri 

/LAMP 4k7U 

7 

R2 fl 


IkoU 


Figure 1. Simple SCR lamp switching 
circuit with manual commutation. 


switches, SI & S2, in the conditions 
shown, the path for gate current is 
open. The DC supply on the anode of 
the SCR is insufficient on its own to 
cause the device to conduct. Only 
when switch SI is closed does a path 
for gate current exist, through R1 into 
the SCR gate. The proportioning of the 
two resistors, R1 & R2, is such that suf¬ 
ficient gate current flows to cause the 
SCR to conduct. The lamp will then 
light. Switch SI need only be a 
momentary push-button; releasing it 
will not cause the lamp to go out, even 
though doing so automatically inter¬ 
rupts the gate current. This is the 
latching' action referred to earlier. This 
action is inherent in the SCR and 
depends upon a certain 'holding cur¬ 
rent' flowing in the SCR between cath¬ 
ode and anode. This holding current is 
usually very small, certainly much less 
than the normal anode current in the 
load, so latching will always take 
place. The only way to switch the SCR 
off again is to reduce the anode current 
below the holding current value. The 
easiest way to do this is simply to 
interrupt the anode current momen¬ 
tarily. There is a finite time for which 
this interruption must be held, but 
manual operation of this type always 
ensures that this criterion is met. 
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Figure 2. A lamp switching circuit using a second SCR and a commutating capacitor. 



Figure 3. A light-operated alarm circuit. 


COMMUTATION IN 
DC CIRCUITS 


The process of turning off an SCR is 
termed ' commutation ' and in this cir¬ 
cuit the process is carried out by the 
switch S2. This is obviously an easy 
way of doing it, but it does have a 
drawback as the 'OFF' switch has to 
be able to switch the full load cur¬ 
rent. This is not always convenient, 
especially with regard to the reliability 
of the switch contacts. Since semicon¬ 
ductor devices, including SCRs, are 
also capable of a switching action (and 
have the advantage of having no 
mechanical contacts), it is possible to 
have commutating circuits using a sec¬ 
ond SCR as the switching device. 
However, the commutating action is 
performed in a different manner, not by 
open-circuiting the current path 
through the SCR but by momentarily 
short-circuiting the conducting SCR, 
which has the same effect of robbing it 
of its current and so switching it off. A 
circuit that performs this action is 
shown in Figure 2, which makes use of 
a commutating capacitor. As a result of 
its action, the 'OFF' push-button switch 
no longer has to handle the load cur¬ 
rent which, in some cases, can be of 
the order of hundreds of amperes. 

When power is first applied to the 
circuit, neither SCR is on. 

Operating push-button SI supplies 
the gate of SCR1 (the main SCR) with 
enough current to turn this SCR on and 
so energise the load. This now pro¬ 
vides a charging path for Cl through 
R3 & SCR1. This capacitor, the so 
called commutating capacitor, rapidly 


charges up to the full value of the sup¬ 
ply voltage, the right hand plate being 
positive. If now the push-button switch 
S2 is operated, the slave SCR (SCR2), 
turns on and its anode voltage falls to 
about +1V. Since there is a voltage of 
approximately 12V across Cl, its left 
hand plate falls instantly to about 
-11V, thus reverse biasing SCR1 and 
turning it off - but, how is SCR2 itself 
switched off? 

Once SCR1 is switched off, the only 
current path for the load is through Cl 
& SCR2. Naturally this can only be a 
momentary current path, as Cl charges 
up in the opposite direction. The pre¬ 
vious situation has effectively reversed 
because, when SCR1 is next switched 
on, it will now commutate SCR2, so 


Load 



(a) i-g 



Figure 4: a), The simplest type of controlled 
rectifier circuit; b), waveforms of the load 
voltage for the above circuit. 


SCR2 will turn off. Therefore, the con¬ 
duction effectively 'toggles' between 
the two SCRs. Since the polarity of the 
voltage across Cl reverses regularly, 
this cannot be a normal electrolytic but 
must be a non-polar component. The 
value of this capacitor is important. It 
must be large enough so that it can 
store enough charge to hold SCR1 off 
long enough for it to drop out of con¬ 
duction. If the circuit fails to function, 
it may well be that the load current is 
too high for the value of commutating 
capacitor used. The greater the load 
current handled by SCR1, the greater 
must be the charge stored in Cl in 
order to interrupt it. 

A LIGHT-OPERATED 
ALARM CIRCUIT 


Figure 3 illustrates one of many poss¬ 
ible ways of switching on an SCR with¬ 
out the use of a mechanical switch. 

In this circuit, an LDR is connected 
between the base of transistor TR1 and 
ground. This LDR is assumed to be 
illuminated from some light source so 
that its resistance is low. As a result, 
TR1 is cut off and the gate of the SCR 
is at OV, so that this device is also cut 
off. If now, the light beam falling on 
the LDR is momentarily interrupted, 
the LDR's resistance will briefly go 
high, TR1 will turn on momentarily 
and a voltage pulse (whose duration is 
equal to that of the interruption) will 
be applied to the gate of the SCR, turn¬ 
ing it on and energising the buzzer. Of 
course, the SCR will be latched on 
until the 'reset' push-button switch is 
operated. The reason that this switch is 
able to perform the commutating 
action at all may not be obvious. 
However, it has to be appreciated that 
the buzzer comprises an oscillating 
contact, which means that the anode 
current comprises two components - a 
high frequency intermittent current 
through the buzzer, and a steady cur¬ 
rent through the SI & R3 path. Remove 
the steady current, as happens when 
SI is operated, and the SCR stops con¬ 
ducting. 


CONTROLLED 

RECTIFICATION 


Now we come to some circuits that 
make use of the particular properties of 
the SCR for obtaining controlled rectifi¬ 
cation. Before examining any of these, 
we must consider the matter of com¬ 
mutation in circuits that operate from 
AC supplies. Is this going to be a prob¬ 
lem? The answer is, no, because AC 
circuits are, by their very nature, self¬ 
commutating. This sounds very clever 
but it is not really. We know that in 
order to perform commutation we have 
to interrupt the anode current, or force 
the anode voltage to become zero. 
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Figure 5. Four circuits using a trigger pulse generator and pulse transformer. 


Well, this is what happens automati¬ 
cally at the end of every half-cycle of 
an AC voltage, e.g., as we pass from 
the positive half-cycle to the negative 
half-cycle. Thus, the SCR will drop out 
at this 'crossing point' between half¬ 
cycles. Therefore, commutation is 
something that we can take for granted 
in AC controlled rectification. 

Figure 4a shows a crude and simple 
means of controlling rectification in a 
half-wave circuit. The value of the gate 
current determines the point in time at 
which the SCR starts conducting. This 
is because of the interdependence of 
anode voltage and gate current men¬ 
tioned earlier, and the fact that the 
anode current is rising from the begin¬ 
ning of the cycle onwards. As we 
decrease the value of RV, the switching 
point occurs earlier in time. This posi¬ 
tion from the beginning of the half¬ 
cycle to the 'firing point' is referred to 
as the 'firing delay', angle a, and is 
often called the 'firing angle'. This 
angle is seen on the waveform diagram 
of Figure 4b. The shaded area of each 
rectified half cycle illustrates the load 
waveform and represents how much 
power is being supplied to the load. By 
controlling the angle a, we are control¬ 
ling the shaded area and, therefore the 
load power. 

Controlling the turn-on point in this 
simple way is no good for many appli¬ 
cations as the actual firing point is 
neither sufficiently predictable nor 
repeatable. The SCR needs to be given 
a short , sharp jab at a precise instant in 
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time, in order to obtain accurate con¬ 
trol of load power. One way of doing 
this is to trigger it with short, timed 
pulses and a number of circuits using a 
simple pulse generator, see Figure 5. 


THE TRIGGER PULSE 
GENERATOR AND PULSE 
TRANSFORMER 


This Trigger Pulse Generator (TPG) 
comprises an RC time constant and a 
SUS (Silicon Unilateral Switch) type of 
thyristor, fed from a DC supply VI. The 
SUS triggers when the voltage across C 
reaches a particular value and gener¬ 
ates a short sharp pulse. Pulses are not 
usually applied directly to the gate of 
the SCR but via a specially designed 
transformer, known as a 'pulse trans¬ 
former', which provides isolation 
between trigger and power circuits. 
These transformers may have either a 
1:1 ratio as used in the circuits Figure 
5a, 5b and 5d, or a 1:1:1 ratio as used 
in circuit Figure 5c. In Figure 5a, the 
transformer secondary winding may 
either be connected directly to the gate 
of the SCR or via either a resistor or a 
diode. When a resistor is used, it either 
reduces the holding current of the SCR 
or it is used to balance the gate cur¬ 
rents in circuits where two SCRs are 
driven. A diode will prevent reverse 
gate current due to ringing or reversal 
of the pulse transformer output voltage 
and additionally, will reduce the hold¬ 
ing current. 


The circuit of Figure 5b shows two 
SCRs being driven alternately from a 
three-winding pulse transformer 
(1:1:1). The phasing of the secondary 
windings is important to ensure correct 
operation. 

In the circuits of Figures 5c and 5d, 
two SCRs are also being driven alter¬ 
nately, but using only a two-winding 
transformer. This works because one 
SCR is driven from the primary side, 
while the other is driven from the sec¬ 
ondary side. However, full isolation is 
lost with this connection. The essential 
difference between the two circuits is 
that in Figure 5c the SCRs are series 
connected with the transformer, 
whereas in Figure 5d they are in paral¬ 
lel with the transformer. 


SINGLE PHASE 
RECTIFICATION 


In the circuit of Figure 6a the method 
of triggering is not specified, but is rep¬ 
resented by a block. We can assume 
that some suitable method has been 
chosen and we can concentrate on the 
circuit principles. In many industrial 
applications, where controlled rectifi¬ 
cation is required, the load is not a 
pure resistance but may contain a sub¬ 
stantial amount of inductance i.e. 
motors, switchgear and solenoids, etc. 
Therefore, when the load is cut off by 
the SCR being turned off, load current 
tends to continue flowing, the load 
voltage actually reversing at this time, 
which tends to return current to the 
rectifiers. If this is allowed to happen, 
they may not turn off as required. To 
ensure that they do, a commutating 
diode is wired across the load which 
reduces the load reverse voltage to the 
value of the diode forward volt drop 
and conducts the current away from 
the rectifiers; see Figure 6a. 

A full set of waveforms is shown for 
this half-wave circuit in Figure 6b. Vs 
is the alternating supply voltage and a 
pulse of gate current i R is applied a 
degrees after the start of the positive 
half-cycle. Up to this point the load 
voltage V L is zero, but then rises 
abruptly to virtually the magnitude of 
Vs at this instant. Because of the induc¬ 
tive nature of the load, the load current 
ii rises and falls exponentially during 
the remainder of the positive half-cycle 
and the whole of the negative half¬ 
cycle respectively. The current ii 
through the SCR rises exponentially but 
falls abruptly at the crossing point due 
to the action of the commutating 
diode. The current through the latter, 
io, is complementary to the SCR cur¬ 
rent - note that the addition of ii and 
ip produces the current it, which is just 
what we would have expected. Finally, 
the voltage across the SCR itself, Vi, is 
complementary to the load voltage V L 
- the addition of V T and V L produces 
the supply voltage Vs. 


37 











































































Inductive/resistiv< 

load 



Figure 6a. Half-wave controlled rectifier with commutating -—-- " 

capacitor and inductive load. Figure 7. The bi-phase half-wave controlled rectifier. 



Figure 8. The SCR equivalent of the bridge rectifier. 



Figure 9. A three-phase half-wave rectifier. 



Figure 6b. Waveforms for the voltages and 
currents in the above circuit. 


Figure 7 shows another half-wave 
rectifier circuit, but one that is 
described as being 'bi-phase'. This 
term arises because of the centre- 
tapped transformer, from which are 
derived two anti-phase voltages - one 
for each of the two SCRs. These con¬ 
duct alternately, supplying the load on 
both half-cycles. Therefore, the output 
voltage, pulsates at twice the supply 
frequency and it is possible to see a 
direct analogy between this and the 
equivalent diode circuit. The term 
'half-wave' is perhaps rather mislead¬ 
ing, since the output is actually full- 
wave, but is presumably derived from 
the fact that it comprises two half-wave 
rectifiers acting together. For this cir¬ 
cuit, and those following, the actual 
details of the trigger circuits are not 
shown. 


Figure 8 shows the SCR equivalent of 
the bridge rectifier, the operation being 
essentially the same, except for the fact 
that the conduction period for each 
pair of SCRs (SCR 1 & SCR 2 and SCR3 
& SCR4 respectively) depends upon 
the triggering applied. This complicates 
the firing somewhat, since the SCRs 
must obviously be fired in the pairs 
mentioned above in order to conduct 
together. 

In the last article several examples 
were given of polyphase rectifiers and, 
for consistency, Figures 9, 10 and 11 
show some equivalent arrangements 
that use SCRs instead of diodes. 

Figure 9 represents a three-phase 
half-wave system. The three phase 
voltages, shown on the circuit diagram 
and on the waveforms as v», v 2 and V 3 , 
are 120 ° apart. The angle a is mea¬ 
sured between the crossing point of 
consecutive waveforms and the firing 
point. The only other waveforms 
shown are the three gate current pulses 
igi, i *2 and i R j. The full set of wave¬ 
forms now become rather complex! 


The SCRs fire in sequence as the wave¬ 
forms show and the effective DC out¬ 
put of the system is the average value 
of these waveforms. 

Figure 10 shows a simple six-phase 
half-wave system in which the SCRs, 
SCR1 to SCR 6 , are fired in sequence. 
The higher the number of phases, the 
less is the variation in the output volt¬ 
age. This means a higher value of 
effective output voltage, with a greater 
ripple frequency, which makes it easier 
to remove by subsequent filtering. 

This point is emphasised by the full- 
wave bridge circuit of Figure 11. The 
star-delta transformer develops three 
phase voltages, V a , Vb and V c . These 
are applied to a bridge circuit compris¬ 
ing six SCRs connected across the 
load. The current paths are more com¬ 
plex than for the conventional four- 
diode bridge. For example, if the phase 
voltage Vj is at its peak value then, at 
this instant, both Vb and v< will be neg¬ 
ative. Consequently, current flow will 
take place through SCR 1 and the load 
in series and will then divide into two 
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to flow through both SCR2 & SCR6, 
the latter two SCRs taking equal cur¬ 
rents. The waveforms show the three 
phase voltages referred to and the pul¬ 
sating output, whose mean value 
almost equals the peak value of the 
line voltage. 


PHASE SHIFT 
TRIGGERING 

Another method of delaying the trig¬ 
gering point of an SCR is to introduce 
a phase shift between the alternating 
voltage supply applied between anode 
and cathode of the SCR and an AC 
supply applied to the gate. Because of 
this time delay, as well as the attenu¬ 
ation introduced by the phase shift net¬ 
work, the amplitude of the gate voltage 
is a lot smaller than the voltage on the 
anode of the SCR. By proper design, it 
is possible to achieve a point at which 
the gate voltage is just sufficient to 
cause triggering for a given anode volt- 



Figure 10. A six-phase half-wave rectifier. 

age. By making the phase shift vari¬ 
able, usually by employing a variable 
resistor, it is possible to vary the rela¬ 
tion between these two voltages and, 
thus, shift the triggering point along the 
time axis, one way or the other. 

Figure 12 shows a single-phase 
bridge circuit which uses two SCRs as 



Figure 11. The three-phase full-wave bridge circuit. 



Figure 12. A single-phase bridge rectifier circuit using a phase-shift triggering circuit. 
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the controlled devices, in conjunction 
with two diodes, D1 & D2, to com¬ 
plete the bridge. The two identical 
resistors Rs limit the size of the gate 
currents and the phase-shift network 
comprises the variable resistor R c and 
capacitor C. The following criteria can 
be used to design such a system, that is 
suitable for a wide range of SCR types. 

a) The peak value of V s (Vspk) should 
exceed 25 V. 


1 

Vspk 

2nfC 

2 

R, 

Vsp k -20 
0-2 

Rc 

* 10 
271/ C 


b) ^ ^- -9 

c) 

d) 


As an example, suppose that the sec¬ 
ondary voltage Vc has an RMS value of 
60V, this corresponds to a peak value 
equal to 60 x V2, which equals 85V. 
Assume that this is a 50Hz system 
then, from B, above, we have that: 


1 


85 


2n x 50 x C 
Therefore C 

And R s 

Also R t 


-9 


10 b 


2ti x 50 x 33-5 
= 95|iF 

85 - 20 

0-2 
= 325ft 


MF 


10 


2n x 50 x 95 x 10 6 
> 335ft 


This illustrates the ease with which 
the required component values can be 
calculated. In practice, the actual com¬ 
ponent values specified would prob¬ 
ably be, in the order given above, 
lOOpF, 330ft and 390ft. 

That's all for this month; next time we 
will look at other triggering methods 
and certain safety aspects of SCR oper¬ 
ation. 
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‘Data Files’ are intended as ‘building blocks’ for 
constructors to experiment with and the components 
suggested, provide a good starting point for further 
development. 



418MHz 
Low-Power 
Transmitter 
and Receiver 
Modules 


The Radiometnx TMX-418-A radio transmitter (Order 
Code AM27E) and matching SILRX-418-A receiver 
(Order Code AM28F) are ready-built modules capable 
of reliably transferring analogue and digital data 
over distances of 50m in buildings, and over 200m 
under open field conditions. The transmitter 
is type-approved to Radiocommunications 
Authority (RA) specification MPT 1340, 
thus for amateur use, this avoids the 
need to submit the finished project 
for further approval; the module’s 
specifications are given 
in Tables 1 (transmitter) 
and 2 (receiver). 


Additional 

experimental circuits 
by Chris Barlow 

Text by Chris Barlow 
and Martin Pipe 


Important Note: 

Commercial use may 
require additional type- 
approval; in case of 
doubt contact the Radio¬ 
communications Authority 
at the Department of Trade 
and Industry. 


FEATURES 

•k Ready-made/tested modules 
k DTI Approved to MPT 1340 
k High stability 
k Small size (SMD-Based) 
k Ease of use 
k Wide supply range 
k Low current 


APPLICATIONS 

k Domestic/commercial security 
k Guard patrol protection 
k Lone worker protection 
k Medical alert 
k Nurse call systems 
k Mobile panic attack 
k Site paging receivers 
k Paging car alarms 
k Fire alarms 
k Remote control systems 
k Doorbell 
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Figure 1. Physical dimensions of the Radiometrix TMX-418-A 
418MHz transmitter module. 
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Figure 2. Transmitter test circuit. 

O ptimised for battery- 
powered operation, 
both modules have 
been designed for reliability 
and performance in the field. 
They perform well with very 
small antennas, and require 
no complicated radio 
frequency (RF) alignment. 

The modules are suitable for 
general-purpose telemetry/ 
telecommand, where their 
small size (they make 
extensive use of SMDs - 
surface mount devices) and 
high data rates (5kbit/s) may 
be of great benefit. 

The Transmitter 
Module 

The transmitter module 
requires only a power supply, 
data modulation input and 
an antenna. The module will 
operate over the range +6 to 
+ 12V DC and can be powered 
by, for example, 9V PP3 or 
12V ‘lighter’ alkaline batteries. 
When operating, the device 
itself consumes a maximum of 
20mA. This power is applied 
to the Vcc input pm (pin 3) 
of the module, the physical 
dimensions of which are given 
in Figure 1. The specifications 
shown in Table 1 were 
derived from the test circuit 
shown in Figure 2. Module 
pinout details are given in 
Table 3. 

As you can see from the 
block diagram in Figure 3, the 
raw data is applied to pm 5 of 


the module. This is the input 
to a simple R/C low-pass 
filter (LPF), which restricts 
the modulation bandwidth to 
10kHz at the -3dB point. The 
data input is normally driven 
directly by CMOS logic levels 
from a data encoder IC, such 
as the UM3750 (Order Code 
UK77J). The encoder is 
normally run from the 
same supply voltage as the 


Power supply voltage: 

6 to 12V DC 

Current consumption: 

6mA (6V) to 

14mA (12V) 

Effective Radiated Power (ERP): 

-lOdBm (6V) 
to-6dBm (12V) 

Initial frequency accuracy: 

± 50kHz 

Overall frequency accuracy: 

± 80kHz 

Spurious Radiation: 

Tb MPT 1340 

FM Deviation: 

± 25kHz 

Modulation Bandwidth (analogue): 

DC to 10kHz 
(-3dB) 

Minimum pulse width (digital modulation): lOOjis 


Table 1. 418MHz transmitter specification (typical). 


Operating supply range (Vcc): 

4-5V to 9V DC 

Supply current: 

13mA 

Overall frequency accuracy: 

±100kHz 

Sensitivity: 

0-5|iV for 20dB S/N 

Carrier detector threshold: 

lpV 

RF input impedance: 

son 

LO leakage: 

-54dBm 

IF bandwidth: 

250kHz 

AF output level: 

500mV Pk-to-Pk 

AF bandwidth: 

DC to 5kHz (-3dB) 

Frequency to voltage conversion: 

lOmV/kHz 

Data output - logic lew: 

0-2V 

Data output - logic high: 

3-8V 

Data bit duration: 

0-2 to 30ms 

Data mark/space ratio: 

5% to 66% 

Data settling time: 

10ms 

Enable time: 

l-5ms 

Signal detect time: 

1ms 


Table 2. 418MHz receiver specification (typical). 
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Figure 3. 418MHz transmitter module block diagram. 


transmitter module. Analogue 
drive - e.g., two-tone audio 
frequency shift keying (AFSK) 
- is also possible; note that the 
peak-to-peak level should be 
between 5 and 9V, and must 
not drive pin 5 below 0V 
The filtered data is then 
passed to a wideband 
frequency modulator (WBFM) 
stage which will accept 
analogue AFSK or digital data 
from DC, to the 10kHz upper 
limit. Although the modulation 
bandwidth of the transmitter 
extends down to DC (as does 
the audio output of the 
receiver module), it is not 
possible to pass data with 
a DC component due to 


frequency errors and drifts 
between the transmitter 
and receiver. The WBFM 
modulator drives a vancap 
diode, the changing 
capacitance of which is used 
to modify the frequency of the 
next stage, a radio frequency 
(RF) oscillator. The centre 
working frequency of the RF 


oscillator is accurately set by 
a surface acoustic wave 
(SAW) resonator to be within 
the 418MHz band (417-90 to 
418-1 MHz). In addition to this, 
the RF oscillator has a 418MHz 
band pass filter (BPF) to 
ensure that any spurious out- 
of-band emissions are within 
the limits set by the RA's 


Pm 1. RF GND - internally connected to pin 4. 

Pm 2. RF out - connects to the integral antenna (50 Q). 

Pm 3. Positive power supply mput. 

Pm 4. 0V (ground) connection, for power and modulation. 
Pin 5. Data mput - CMOS logic driven. 


Table 3. 418MHz transmitter module pinout. 
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MPT1340 specification. 

The final filtered RF output 
appears on pin 2 of the module. 

MPT 1340 requires that the 
transmitter must only be used 
with an integral antenna. In 
this specification, an integral 
antenna is defined as one 
which is designed to be 
connected permanently to 
the transmitter without the use 
of an external feeder. Three 
types of integral antenna are 
approved for use with the 
TXM-418-A transmitter 
module - refer to Figures 
4a, 4b and 4c. 

Figure 4a shows the helical 
aerial, which is basically a 
wire coil connected directly to 
pin 2 at one end, and left free 
at the other. This antenna is 
very efficient given its small 
size (20mm length, 4mm 
diameter). The helical 
antenna has a high ‘0* 
factor, and thus needs to be 
optimised for the exact 
wavelength m use; tnm the 
wire length or expand the 
coil for optimum results. 

The loop aerial is shown 
in Figure 4b. As its name 
suggests, it consists of a loop 
of PCB track, which is tuned 
by a fixed or variable 
capacitor, and fed from 
pm 2 at a pomt 20% from 
the ground end, which 
is connected to pin 1. 

The whip aerial, shown 
in Figure 4c, is a wire, rod, 

PCB track or combination 
connected directly to pm 2 
of the module. Optimum total 
length is 16-5cm (a quarter- 
wavelength of 418MHz). 

Keep the open circuit (‘hot’) 
end well away from metal 
components to prevent 
senous detuning. 

The choice of antenna and 
its position greatly influences 
the effective range of the 
transmitter. Table 4 compares 
the advantages of each of 
the three types. The best 
performance, by far, is where 
the aenal sticks out of the top 
of the finished boxed unit. 

This is often not desirable 
for practical or ergonomic 
reasons, and so a compromise 
may need to be reached. If 
an internal antenna must be 
used, try to keep it away from 
other metal components, 
batteries, PCB tracks/earth 
plane. 

The equipment in which 


34 turns of 0.5mm dio. 4 
enomeled copper wire close 
wound on 2.5mm dio. former 

FIG.4a —HELICAL 


4 to lOsq.cm 


II — 


oPin 

2 


1 mm 
track* 


—? p 
-5pF X 


Capacitor 1.5 
variable or fixed 

FIG.4b —LOOP 


16.5cm (optimum) 

— oPin 
WIRE. ROD. PCB track 2 
or combination thereoff 

FIG.4c—WHIP 


Figure 4. 418MHz transmitter 
antenna options: (a), helical; 
(b), loop; (c), whip. 



Figure 6. Physical dimensions of the Radiometrix SILRX-418-A 
418MHz receiver module. 


The trimmer control on the 
transmitter module is factory 
set and must never be 
adjusted. This control should 
not be made accessible in the 
final boxed unit. 

Digital Code 
Transmitter 

A circuit for a digital code 
transmitter (based around 
the UM3750 device) is shown 


in Figure 5. The transmitter 
module, TX1, can be mounted 
vertically to your main circuit 
board; or it could be carefully 
bent over to a horizontal 
position. When designing 
your PCB, you should observe 
RF layout practices. 

The circuit design uses 
the UM3750 single chip 
encoder/decoder and is put 
into its encode (transmit) 
mode by connecting pin 15 


Antenna selection 

Helical 

Loop 

Whip 

Ultimate performance: 

Good 

Pair 

Excellent 

Ease of design setup: 

Good 

Fcur 

Excellent 

Size: 

Excellent 

Good 

Pair 

Immunity to proximity detuning: 

Good 

Excellent 

Fhir 


Table 4. Transmitter aerial selection criteria. 


the transmitter module is fitted 
must carry a clearly visible 
inspection legend located 
on the outside of the unit. The 
minimum dimensions of this 
legend should be 10mm by 
15mm, and the letter and 
figure height must be not less 
than 2mm. The legend should 
read ‘MPT 1340 W.T. LICENCE 
EXEMPT’. 


Pin 1. RF input - connection for antenna (50H). 

Pin 2. RF ground - internally connected to pin 4. 

Pin 3. Carrier detect - used to enable external circuits. 
Pin 4. 0V (ground) connection, for power and outputs 
Pm 5. Positive supply input. 

Pin 6. Audio out - FM demodulated output. 

Pin 7. Data out - digital output. 


Table 5. 418MHz receiver module pinout. 
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to Vcc- The code pattern is set 
by switches SI to S12 on pins 
1 to 12 of IC1 and a total of 
4096 different codes are 
possible, with the timing of 
the system set by R1 & Cl. 

The resulting digital code, 
appearing on pin 17, is fed 
to the modulation input, pin 5, 
of the transmitter module. 

The power for the circuit is 
normally supplied by a small 
battery, giving between +8 
and + 13V DC. When 


RF In 

- » 


418MHz 

BPF 


GND 



Figure 7. 418MHz receiver module block diagram. 


operating, the transmitter 
circuit is activated each time 
the transmit switch S13 is 
closed, causing current to 
flow, and LD1 to illuminate. 

The SELRX-418-A 
Receiver Module 

The receiver module is a 
double-conversion FM 


superhet with a data level 
converter driven by the audio 
output buffer. All the stages 
of the receiver are powered 
from a single +4*5 to +9V DC 
supply (maximum current 
15mA), which is applied to 
pin 5 of the module. For the 
module’s physical dimensions 
see Figure 6; Table 5 shows 
the pinout. 


Any of the aerials 
previously described m the 
transmitter section of this 
article may be used with the 
receiver module. However, 
the criteria for a receiver 
aenal under MPT 1340 are 
not as restrictive as those that 
apply to the transmitter. As 
an alternative to the integral 
aenal of the transmitter, you 


are permitted to use an 
external arrangement, 
connected by a coax feeder. 

If the range of the system is to 
be optimised, a quarter-wave 
dipole or ground plane 
antenna may be considered. 
As with the transmitter, the 
positioning of the receiver 
antenna is of the utmost 
importance and will prove 


R1 
10R 



Figure 8. 418MHz code receiver circuit diagram. 
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an important factor in 
determining the ultimate 
range of the system. 

Figure 7 shows the receiver 
in block diagram form. The 
incoming 418MHz signal, 
picked up by the antenna, 
is connected to pin 1 of the 
module where it then passes, 
via a coupling capacitor, into 
the 418MHz BPF. An RF 
preamplifier boosts the signal 
before it enters the first mixer 
stage. 

The first local oscillator runs 
at a frequency of 433-92MHz, 
which is accurately set by a 
SAW resonator. Its output is 
fed to the first mixer stage, 
where it mixes with the 
amplified 418MHz received 
signal to produce the first IF 
signal, at 15-92MHz. This is 
then fed to the second mixer, 
where a second local 
oscillator running at 16MHz 
produces the final IF signal 
at a frequency of 80kHz. It is 
then amplified and WBFM 
signal demodulated to 
produce an audio signal. In 
addition, a fast-acting carrier 


detect signal is produced, 
which is made available on 
pin 3 of the module and may 
be used in several ways. 

This output could be used 
to create a general-purpose 
logic compatible output, via 
an open-collector transistor. 
This has much potential - 
indicating to external logic 
that a signal is being 
received, for remote 
switching applications, 
or to control duty-cycle 
power saving circuits. As 
an alternative, a relay could 
be driven via a switching 
transistor. With a 47kft 
resistor connected between 
pin 3 and 0V (ground) the 
audio and data outputs are 
inhibited even if a 418MHz 
signal is being received. 
Finally, if the 47kft resistor 
is pulled up to pm 5 (+Vcc), 
then the audio and data 
outputs will be active for 
normal operation. 

To improve the signal-to- 
noise performance and reject 
any unwanted signals, the 
audio is processed by a third- 


order LPF with a 5kHz cut off. 
This signal is fed to an audio 
buffer, and its output (pin 6) 
is centred around the half¬ 
supply reference. It is also 
tapped off at this point and 
fed to the active data slicer, 
where the analogue audio 
signal is converted into a 
digital signal, available at 
pin 7. This would normally 
be used to drive a CMOS 
compatible digital decoder IC 
or a microprocessor system. 

Digital Code 
Receiver 

A circuit for a digital code 
receiver is shown in Figure 8. 
Like the transmitter, the 


receiver module can be 
mounted vertically or, by 
carefully bending the 
mounting/connection pins by 
90*. horizontally. It is strongly 
advised that no conductive 
or ferrite objects should be 
placed within 4mm of the 
component side of the 
module, otherwise some 
detuning of the receiver may 
occur. When designing your 
PCB you should observe RF 
layout practices. 

The connections to the 
418MHz receiver module are 
as previously described with 
pin 3 driving the base of TR1 
to produce a carrier detect 
output signal. This output 
remains high until a 418MHz 



Figure 9. Circuit diagram of an expanded 418MHz code receiver, with ‘battery saver’ feature. 
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signal is received, at which 
time it goes low until the 
signal is removed. The audio 
output from pin 6 of the 
receiver module is not used 
in this application; however, 
the digital data output from 
pin 7 is used to drive another 
UM3750 (IC1) - this time, in its 
decode (receive) mode. This 
is achieved by connecting pin 
15 of the IC to ground, and 
feeding the received data to 
pin 16. The values of R1 and 
C1 correspond to those used 
m the transmitter data system. 
The code pattern (one out of 
4096) is set, using SI to S12, to 
that of the transmitter, and if a 
matching code is received pin 
17 will go low for 128ms. If 
a further match is detected 
within that time, the output 
will stay low for a further 
128ms, and so on. This output 
can only sink 2mA for logic 
use and will require an 
additional transistor switching 
stage if higher current 
devices are to be controlled. 

A more complex digital 
code receiver is shown in 
Figure 9. The additions to the 
basic receiver are a ‘battery 
saver’ circuit and an open- 
collector transistor switch. 

The battery saver function is 
based around a low-power 
555 CMOS timer, IC2, which 
provides a duty cycle control 
function that latches on when 
a signal is present. The 
component values of R4, R5 
& C7 have been selected to 
produce a 4ms ‘on’ time, and 
a 400ms ‘off duration i.e. a 
1:100 duty cycle. This has 
the effect of significantly 
reducing the quiescent 
current consumption of the 
receiver, so increasing the 
battery life of the unit. Only 
when a 418MHz signal is 
received will the power to the 
receiver module, RX1, and the 
data decoder, IC 1, be 
continuously applied. As soon 
as the received signal 
disappears, the 1:100 power 
supply duty cycle comes into 
effect once more. 

The power saver function 
is achieved by connecting 
the carrier detect signal 
from buffer transistor TR1, 
via diode D1 and switch 
S13 (defeat), to pin 4 of IC2. 
While pm 4 is high (no signal 
received), the 555 timer will 
supply its pulse output to the 
receiver circuit. If a signal is 


received (or S13 is opened), 
however, then IC2 will 
produce a continuous output 
condition. This output is used 
to control the PNP power 
switching transistor, TR2. LD1, 
used to indicate when the 
receiver is active, will flash 
with a short duration pulse 
whenever signals are not 
being received. As soon as 
a valid signal is received (or 
S13 is open), then LD1 will 
stay permanently illuminated. 

The valid code output on 
pin 17 of IC1 is fed, via R8, to 
the base of TR3, which is used 
to control the on/off switch 
action of TR4. When pin 17 
goes low (transmitter and 
receiver codes match), TR4 
will turn on, and current will 
flow in its collector circuit. 

This will cause LD2 to 
illuminate for the duration 
of the received valid code. 

If there are any other devices 
in the collector of TR4 (piezo 
buzzer, relay, filament bulb, 
etc.), you must ensure that the 
collector load does not 
exceed 75mA. 

As with the transmitter, the 
trimmer control on the receiver 
module is factory set and must 
never be adjusted. This control 
should not be made accessible 
in the final boxed unit. 

Other Transmission 
Formats 

Digital code transmit/receive 
systems apart, it is possible to 
communicate using an audio 
tone format with, multiple, 
dual, or just a single tone of 
any frequency as long as it falls 


within the pass-band of the 
receiver - Le. 10Hz to 5kHz. 

Dual-tone multiple- 
frequency (DTMF) encoded 
signals are used to control a 
growing number of products 
and services. With an 
encoder chip, it would be 
possible to construct a 
pocket-sized keypad tone 
transmitter. The 418MHz 
receiver would require a 
matching decoder chip to 
recover the transmitted 
number sequence. 

The transmission of radio 
teletype (RTTY) using audio 
frequency shift keying 
(AFSK) requires the accurate 
generation of two tones. 

These tones represent the 
logic conditions high or low, 
commonly referred to as mark 
and space tones respectively. 
To recover this data, the 
receiver requires an RTTY FSK 
demodulator system set to the 
same tone format as used by 
the transmitter. For more 
information on the RTTY 
system, please refer to Best of 
Maplin Projects Book 3 (Order 
Code XC03D), for information 
on the TUI000 RTTY unit; 
Electronics Issue 39 (Order 
Code XA39N), for details of 
AFSK generator; and 
Electronics Issue 32 (Order 
Code XA32K), which 
describes a RTTY FSK 
demodulator. 

Single Tone 
Signalling 

A single tone, set to a precise 
audio frequency, can be 
used in much the same way 


as the digital code system 
previously described. 

When the frequency of the 
transmitted signal is matched 
by the tone decoder in the 
receiver, a valid output signal 
is generated. A circuit for a 
single audio tone transmitter 
is shown in Figure 10. An 
audio tone of 3-495kHz is 
accurately generated by 
using a 3 579545MHz quartz 
crystal, XT1, connected to the 
oscillator stage (pins 10 and 
11) of IC 1, a 4060BE 14-stage 
ripple counter. This has 
the effect of dividing the 
frequency of the crystal 
by 1,024, resulting in the 
3-495kHz audio signal on 
pin 15, which drives the 
modulation input (pin 5) of the 
transmitter module TX1. It is 
possible to produce an almost 
infinite number of different 
audio tones by using an 
alternative crystal frequency 
and/or division output of IC 1. 
Remember that the frequency 
of the audio tone must be 
within the pass-band of the 
receiver (i.e. 10Hz to 5kHz). 

The power for the 
transmitter is normally 
supplied by a small battery, 
giving between +8V and 
+ 13V DC and the circuit 
is activated each time the 
transmit switch SI is closed, 
causing current to flow, and 
LD1 to illuminate. 

Single Audio 
Tone Receiver 

A circuit for a matching single 
audio tone receiver is shown 
in Figure 11. The connections 
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Figure 11. 418MHz audio tone receiver circuit diagram. 


to the 418MHz receiver 
module, RX1, are as 
previously described, with 
pin 3 driving the base of TR1 
to produce a carrier detect 
output signal. RX1, and 
the additional circuitry, are 
powered from a single +5V 
supply. The digital data 


output from pin 7 of the 
receiver module is left alone; 
however, the audio output 
from pin 6 is used to drive, via 
R3 & C2, the signal input on 
pin 3 of IC1 - a LM567 tone 
decoder. The frequency of 
IC 1 ’s current-controlled 
oscillator is set by the 


combined values of the fixed 
resistor R5, and the preset 
resistor RV1 on pin 5. The 
other end of this resistor chain 
is connected to pin 6 where it, 
and the value of capacitor C5, 
sets the phase locked loop 
(PLL) to the incoming 
frequency of 3*495kHz. Note 


Recommended RF 
Design Practices 

There should be less than 
10mm of PCB track between 
the module and the antenna. 

There should be an earth plane 
around all of the unused PCB 
areas that are close to the 
module. 

The module should be mounted 
as far away as possible from 
any high-frequency 
interference sources. 


that if a different audio tone 
is used by the transmitter, it 
may be necessary to alter the 
values of R5 & C5, to keep the 
tone within the range of RV1. 

When the PLL frequency 
matches that of the transmitted 
tone, a positive match is 
made, and pin 8 of IC 1 will go 
low for as long as this signal is 
received. This valid tone 
output condition is indicated by 
LD1. Additional devices can be 
driven (piezo buzzer, filament 
bulb, etc.) but ensure that the 
load does not exceed 75mA 


MAPLltt'B 'fOP 

mrnrf kits 


POSITION 


DESCRIPTION OF KTT 

ORDER AS 

PRICE 

DETAILS IN 



1. 

(2) 

* 

Iwe Wire Detedor 

LK63T 

£4.75 

Magazine 

48 

(XA48C) 

1 

(1) 

♦ 

1200 Data File 

LP69A 

£4.75 

Magazine 

46 

(XA46A) 

3. 

(3) 

# 

TDA70521W Ampifier 

LP16S 

£495 

Magazne 

37 

(XA37S) 

4. 

(4) 

• 

1300 Timer 

LP30H 

£4.95 

Magazne 

38 

IXA38R) 

5. 

(7) 

* 

Car Battery Mentor 

LK42V 

£9.25 

Magazine 

37 

(XA37S) 

6. 

(8) 

* 

Lights On Remnder 

LP77J 

£4.75 

Magazine 

50 

(XA506) 

7. 

(5) 

• 

MOSFET Ampltfier 

LP56L 

£20.95 

Magazine 

41 

(XA41U) 

8. 

(10) 

* 

LM386 Ampkfier 

LM76H 

£460 

Magazne 

29 

(XA296) 

9. 

(9) 

• 

Stroboscope Kit 

VE52G 

£1495 

Catalogue 

94 

(CA11M) 

10. 

(13) 

* 

Coutesy light Extender 

LP66W 

£295 

Magazine 

44 

(XA44X) 

11. 

(6) 

• 

biectronc ignroon 

VEOOA 

£1295 

Catalogue 

94 

(CA11M) 

12 

(14) 

• 

1A Power Supply 

VE58N 

£895 

Catalogue 

94 

(CA11M) 

13. 

(12) 

♦ 

SL6270 AGC Me Ampifier 

LP98G 

£8.75 

Magazne 

51 

(XA51F) 

14. 

(18) 

* 

IBM Expansion System 

LP12N 

£21.95 

Magazne 

43 

(XA43W) 

15. 

(16) 

* 

M*t 10 ♦ RS232 

LP85G 

£19.95 

Magazne 

49 

(XA49D) 

16. 

(20) 

* 

UA3730 Code Lock 

LP92A 

£11.45 

Magazine 

56 

(XA56L] 

17. 

(19) 

* 

Universal Mono Preamp 

VE21X 

£5.95 

Catalogue 

94 

(CA11M) 

18. 

(17) 

♦ 

Mn Metal Detector 

LM35Q 

£725 

Magazne 

48 

(XA40C) 

19. 

H 

ENWr 

LED Xmas Tree 

LP83E 

£995 

Magazne 

48 

(XA48C) 

20. 

(15) 


LM3838W Ampifier 

LW36P 

£7.95 

Catalogue 

94 

(CA11M) 


Over 150 other kits also available. All kits supplied with instructions. 

The descriptions are necessarily short. Please ensure you know exactly what 
the kit is and what it compnses before ordenng. by checking the appropriate 
protect book, magazine or catalogue mentioned in the list above 


Keen in touch 


sp 

withMEX 

Precision 

Soldering 

Antex thermally balanced irons are 
available with a wide selection of 
soldenng bits. There are also 
adjustable temperature controlled 
irons for low temperature work 




Solder Stations 
with optional 
digital 

temperature 
read-out are 
also available 


Ask for Antex at leading 
Electronic Distributors 

r\ r\ r\ r\ 

ANTEX 

\j \j \j \j \_y 

Antex (Electronics) Ltd. 

2 Westbridge Industrial Estate, Tavistock, Devon PL 19 

Telephone. (0822) 613565 Fax: (0822) 617598 


8DE 


■ 
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418MHz APPLICATION CIRCUITS PARTS LISTS 

CODE TRANSMITTER 

RESISTORS: All 0-6W 1% Metal Film 
R1 100k 

CAPACITORS 
Cl 180pF Ceramic 

C2 lOOnF 16V Miniature Disc Ceramic 

SEMICONDUCTORS 
LD1 3mm Red LED 

IC1 UM3750 




MISCELLANEOUS 




RX1 

418MHz Receiver Module 

1 (AM28F) 

1 

(M100K) 

SI to S8 

8-way DIL Switch 

1 (QY70M) 


S9 to S12 

4-way DIL Switch 

1 (JH08J) 



S13 

2-way DIL Switch 

1 (JH09K) 

1 

(WX59P) 


8-pin DIL IC Socket 

1 (BL17T) 

1 

(YR75S) 


18-pin DIL IC Socket 

1 (HQ76H) 




Piezo Buzzer 

1 (KU58N) 


(WL32K) 

(UK77J) 


MISCELLANEOUS 

TX1 418MHz Transmitter Module 

SI to S8 8-way DIL Switch 
S9toS12 4-way DIL Switch 
S13 Miniature Push to Make Switch 

18-pin DIL IC Socket 
B1 9V Alkaline PP3 Battery 

PP3 Battery Clip 

CODE RECEIVER 

RESISTORS: All 0-6W 1% Metal Film 

ri ion 

R2 47k 

R3 100k 

CAPACITORS 

C1,4 1 OjiF 16V Radial Electrolytic 

C2 180pF Ceramic 

C3 lOOnF 16V Miniature Disc Ceramic 

SEMICONDUCTORS 
IC1 UM3750 

TR1 BC558 

MISCELLANEOUS 
RX1 418MHz Receiver Module 

SI to S8 8-way DIL Switch 
S9toS12 4-way DIL Switch 

18-pm DIL IC Socket 

CODE RECEIVER 
(WITH BATTERY SAVER) 

RESISTORS: All 0-6W 1% Metal Film 


1 (AM27E) 
1 (QY70M) 
1 (JH08J) 

1 (JR89W) 

1 (HQ76H) 
1 (FK67X) 

1 (HF28F) 


1 (Ml OR) 
1 (M47K) 

1 (M100K) 

2 (YY34M) 

1 (WX59P) 
1 (YR75S) 

1 (UK77J) 

1 (0017T) 


1 (AM28F) 
1 (OY70M) 
1 (JH08J) 

1 (HQ76H) 


R1.3 

47k 

2 

(M47K) 

R2 

100k 

1 

(M100K) 

R4.ll 

4k7 

2 

(M4K7) 

R5 

470k 

1 

(M470K) 

R6,8,9 

10k 

3 

(Ml OK) 

R7 

ion 

1 

(Ml OR) 

RIO 

22k 

1 

(M22K) 

CAPACITORS 



Cl,4,8 

lOfiF 16V Radial Electrolytic 

3 

(YY34M) 

C2 

180pF Ceramic 

1 

(WX59P) 

C3,5 

lOOnF 16V Miniature Disc Ceramic 

2 

(YR75S) 

C6 

lOnF 50V Disc Ceramic 

1 

(BX00A) 

C7 

ljiF 63V Radial Electrolytic 

1 

(YY31J) 

SEMICONDUCTORS 



Dl,2 

1N4148 

2 

(QL80B) 

LD1 

5mm Red LED 

1 

(WL27E) 

LD2 

5mm 2mA Red LED 

1 

(UK48C) 

TR1.2 

BC558 

2 

(0017T) 

TR3,4 

BC548 

2 

(OB73Q) 

IC1 

UM3750 

1 

(UK77J) 

IC2 

TS555CN 

1 

(RA76H) 


AUDIO TONE TRANSMITTER 

RESISTORS: All 0-6W 1% Metal Film 
Rl 1M 

CAPACITORS 
Cl 22pF Ceramic 

C2 33pF Ceramic 

C3 lOOnF 16V Disc Ceramic 

SEMICONDUCTORS 
LD 1 3mm Red I ■FT) 

IC1 HCF4060BEY 

MISCELLANEOUS 

TX 1 418MHz Transmitter Module 

XT1 3579545MHz Crystal 

SI Miniature Push to Make Switch 

16-pin DIL IC Socket 
B1 9V Alkaline PP3 Battery 

PP3 Battery Clip 


1 (M1M) 

1 (WX48C) 
1 (WX50E) 
1 (YR74S) 


1 (WL32K) 
1 (QW40T) 


1 (AM27E) 
1 (UJ03D) 

1 (JR89W) 

1 (BL19V) 

1 (FK67X) 

1 (HF28F) 


AUDIO TONE RECEIVER 

RESISTORS: All 0-6W 1% Metal Film (Unless Stated) 


Rl 

ion 

1 

(Ml OR) 

R2 

47k 

1 

(M47K) 

R3 

33k 

1 

(M33K) 

R4 

lk 

1 

(Ml K) 

R5 

10k 

1 

(M10K) 

RV1 

10k 22-Tum Cermet Preset 

1 

(UH25C) 

CAPACITORS 



Cl,4 

lOpF 16V Radial Electrolytic 

2 

(YY34M) 

C2,7 

lOOnF 16V Miniature Disc Ceramic 

2 

(YR75S) 

C3 

470nF 63V Radial Electrolytic 

1 

(YY30H) 

C5 

22nF Polyester Layer 

1 (WW33L) 

C6 

22|iF 16V Radial Electrolytic 

1 

(YY36P) 

SEMICONDUCTORS 



D1 

1N4148 

1 

(QL80B) 

LD1 

5mm 2mA Red LED 

1 

(UK48C) 

TR1 

BC558 

1 

(0017T) 

IC1 

LM567CN 

1 

(OH69A) 


MISCELLANEOUS 

RX 1 418MHz Receiver Module 

8-pin DIL IC Socket 


1 (AM28F) 
1 (BL17T) 


The Maplrn ‘Get-You-Working’ Service is not available 
for these projects. 

The above items are not available as kits. 

The following new items, which are shown in the 1994 
Maplm Catalogue, are available. 

Order As AM27E (TMX-418-A 418MHz Transmitter) 
Price £17.95. 

Order As AM28F (SILRX-418-A 418MHz Receiver) 
Price £29.95. 
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by Douglas Clarkson 










Mysterious 



The Dreamers Planet 


T his present stage in understanding 
the Earths own processes for 
maintaining its fragile fold of life 
within the Ecosphere can be described ris 
in its infancy. This is in spite of tens of 
thousands of man years of intense 
scientific research being undertaken to 
seek the relevant answers. Basic secrets 
of the oceans whichdetermine. for 
example, the carbon dioxide balance in 
the Earths atmosphere are only now 
coming to light. 

Investigating Mars, by present limited 
planetary exploration, with its own set of 
‘Martian house rules' and its own unique 
planetary history is in many ways like 
reading the outer cover of a book whose* 
secrets can only be unravelled slowly. 
However, it has become clear that Mars 
may have just as many surprises l< xked 
in its wrinkled surface as the green atxl 
watery Earth. What might lx* tlx*re is for 
future generations of researchers to 
determine in detail. Tlxre is awareness 
tliat major events which took place on 
Mars may have coincided with similar 
changes on Earth - witness the many 
periods of fossil record ‘extinction’ now 
evident on Earth. Howev er, it is g<xxi that 
the exploration of Mars hits now begun. 

Based on the information already 
obtained from Mars missions, it is possible 
to take a guided tour in imagination* over 
its rock strewn plains, tlx* sites of ancient 
craters, empty channels where vast 


amexmts of water once probably flowed, 
great canyons with vast landslides and 
tlx sites of vast volcanoes round which 
clouds of water vapour swirl. 

In this much we can appreciate the 
planets appearance and it is always a 
challenge to krx;>w this more intimately. 
However, visual appreciation of the 
surface landscape is only tlx* first step in 
obtaining a detailed understanding of 
mysterious Mars. 


I tistorical Observations 

It was Galileo Galilei in 1610 who first 
observed Mars through the telescope, 
though it wiis Huygens in 1650 who was 
first fible to detect dark markings on the 
planet’s surface. Tlx* |*)lar caps were first 
observed by Cassini around 1666 who 
was also the first to accurately measure 
the rotational |x*rkxi of tlx* plarx*t. 

It was only in the loth century that 
telescope observations of Mars began to 
indicate that tlx* plarx*t had features which 
were ‘dynamic*. White areas at tlx* north 
rind south poles of tlx* plarx*t were seen 
to chai\ge with tlx* planet's seasons. A 
wave of darkening* was observ ed to 
move away from tlx* poles cis tlx* white 
areas receded around each tx>lar cap. 
This wave of darkening was observed to 
storead out from each pole at a rate of 
35km per day - spreading southwards 
from the melting northern pole and 
northwards from the melting southern 
|x>le. However, subsequent observations 
have shown that this phenomenon is 
probably an optical illusion triggered by 
atmospheric dust, and changes in air 
density. It does ix>t appear to be a true 
surface phenomenon. 

From time* to time it is known that the 
entire surface of Mars becomes covered 
by dust storms. This may hav e lx*en a 
factor in changing from time to tinx* tlx? 
appearance of tlx planet to Earth bound 
telescofx gazers. 

various observers claimed to see what 
were described as canals on the Martian 
surface. Tlx most famous canal watcher* 
was Giovanni Schiaparelli who produced 
a map in 1877 showing Ixisic features 
which are represented in more nxxk*m 
maps of tlx* planet. However, tlx* canals 
have been shown to be an optical illusion. 
Anticipation of what these canals could 
have represented caught the public’s 
imagination. Mars was |x>rtrayed as a 
world where vast canals fed water to 
areas of seasonal vegetation. In fact a 
NASA artist’s impression of the planet 
Mars in 1971. prior to the Mariner 9 
mission, still showed ‘canals’ linking up 
l>arts of the planet surface. 


Below: Ptx>to l An artists Impression of tin* 
Vikintf l«»i¥k*r on iIk* Martian surface 
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Planetary Exploration 

It was planetars probes which were to 
revolutionise the understanding of Mars. 
This process began in earnest by the 
Manner 4 fly past of July 1963. a series of 
more detailed pictures were obtained by 
Mariner 6 during 1969 - just after the 
triumph of the Apollo ii landing. The 
Mariner 9 mission of 1971 placed a craft in 
orbit round Mars and ixived the way for 
the highly successful Viking missions. 

In particular, the Mariner 9 mission 
provided evidence of episodes oi Martian 
history where large amounts of water 
were present on the Martian surface. River 
channels as much as kxj miles across 
were observed. Mars in the past has 
probably experienced vast climatic 
upheavals 

Several Martian missions were also 
initialed by tlx* Soviet Union, though with 
less success than those of the USA. The 
Mars 2 probe, launched in May of 1971. 
placed a capsule into the planet's 
atmosphere* tltough it is not clear if this 
landed safely on tlx* planet’s surface. Tlx* 
Mars 3 probe was the first craft to soft 
land on the planet’s surface on 2nd 
December 1971. However, it landed in tlx* 
mkklle of a dust storm atxl transmitted 
data for approximately 20 seconds. The 
Mars 3 mission of February 1974 returned 
a valuable set of scientific data - 
particularly of the planet's magnetic field. 

Of the Fhobos 1 and Phobos 2 
missions of 19HH. only that of Phobos 2 


Above krft: Photo 2. Picture from tlx* Viking l 
l«uxk*r sin* showing rocks «iik1 snixl doors in 
remarkable darlty. 

Above right Photo 3. Photo si m wing tlx* first 
colour |)tx>iogrr!|)h 1mm tlx* Viking I ktixtrr 
The ground may lx* rising to tlx* rim of an 
ancient crater. 

!X*k>w k*ft: Photo 4 Vk*w from Viking II over 
tlx* l top win Plane. The a|)f)armt sk>|X* of fix* 
IX)rizon Ls dix* to fix* «uigk* at whkh fix* craft 
sc*itk*d on tlx* surface. 

ix-low right: PtxMo 3 Sampler scoop atxl arm 
of tlx* Viking I l«uxk*r rtiLs was us<*d to coUcci 
soil sample's to look for signs of life* exi fix* 
Martian surface. 


was partially successful. Phobos 1 was 
lost in August 1988 - a month after launch 
it was erroneously told by a radio 
command to close its systems down. 
Phobos 2 was within two hours of 
reaching Phobos in March of 1990 wtx*n 
contact was lost with the probe. In tlx* 
changed reality of tlx* disintegration of tlx* 
Soviet Union, there is uncertainty alxxit 
future missions to Mars. However. it is 
likely Russia, the core state of the CIS. will 
Increasingly engage In co-operative 
ventures. 

The process of exploration is still in 
progress. However, the Mars Observer 
project which should hav e reached Mars 
during August 1993 is unfortunately tx>t 
sending hack any data, and its fate is 
unknown. Perhaps towards the end of tlx* 
century another lander with a rover 
v ehicle to trav erse the planet surface will 
be launched to further develop our 
understanding of the planet. 


There have been many studies of 
proposed manned flights to Mars and 
most observ ers Indicate that the principal 
problem is not technology - rather 
funding. Economical’ manned trips to 
Mars cost upwards of $25 billion and it is 
becoming more difficult convincing the 
tax |>aying ixiblic that this is money well 
silent. It is well worth remembering that 
tlx* Iran-lraq war is considered to have 
cost $200 billion and current global arms 
sales cost in excess of $l,ooo billion. 
Clearly a vast amount of money has been 
squandered and continues to be 
squatxlered. 

Mars Some Facts 
and Figures 

From Table l we can see that Mars is 
further away from the sun than the Earth 
and receives on av erage less than Ixtlf of 
tlx* solar radiation per unit of area than 
does the Eanh. 

The mass of Mars is considerably less 
than tliai of tlx* Eanh atxl the gravity at the 
planet surface is about one third that on 
the Eanh. The duration of the Manian day. 
is remarkably similar to that of the Eanh - 
a difference of only 37 minutes. However, 
the Manian year' is almost twice as long 
as that of the Eanh’s. 

Planets in orbit round the sun travel in 
elliptical orbits rather than circular ones. 
Tlx* orbit of Mars is considerably more 
eccentric than that of the Eanh and this 
introduces significant changes in the 
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Vakie for 

Fraction of 


\Wirs 

Earth’s Value 

Mean Distance Irom sun 

228.om.oookm 

153 

Ei|uatorial Radius 

3397km 

053 

Eccentricity 

<►093 

55 

Mass of |)laix*t 

6 42 X KPkg 

Oil 

Mean surface gravity 

3 72ITVS** 

038 

Me-an Mari win solar day (sol) 

24hr 37mins 

1*03 

Marik in •year' 

<*>7 days 

191 

.Vngk* of axis to orbit |>lanc 

25° 

1*06 


T.»l>k* I: Bask facts alxxu Mars 




Top left: Photo 6. Evidence of ckxiels loaning 
in craters on Mars. 

Top centre: Photo 7. Reconstructed i>Im >i« >gr.»|)h 
frrxn 104 images taken b>' tlx* viking I orhfter 
spacecraft. Miirs Ixls a rich variety of surface 
features fix* Valk*s MariiKTts a gi«»nt rift valley 
stax fun* which extends for over 3.000 inik*s 
across tlx* plaix*fs surface is clearly vLsibk* 
Top right: l*!x>to K. Viking orbiter pk tore of 
features within tlx* \ aUes Mariix*ris slx>wmg 
e\xk*fxe of jxissibk* water ctiantxLs from 
earlier jx*riocls of tlx* piuxTs history 
Alx»ve: Plx»to <). Ortxial view of OtymfXis Nlntts 
- Mars’s higlx-st vok «ux> showing its c rater 
aixt trains of ekxxl - assunxxt to lx* of water 
\a|MHir wltk h fonns as air is e<x>k*<l .is it 
c rosses over tlx* vok .ux»‘s feature*s. a v.lsi 
cliff is visihk* <xi tlx* knver skk* of tlx* |>x tore 
Rigltt: llxxo IOl litis | >k tun* jxo\ kk*s <*vkk*fx e 
of |x*rkxls of Mars fusion \\1x*tt large .himH ints 
of surface water flowed .ktoss tlx* piux-fs 
surf.x c* Ilx* figure slxnvs wlvit is tlxHigftt to lx* 
ext ancient rivc*r < Uuiix‘1 scxix* IOO mites wkk 



amount of solar radiation received ai the 
planet's surface. .Vi ilx* closest ai^xoach. 
Mars Ls 206.6cx).oookm frtxii tlx* sun. and 
at Its furthest distance 249.2(X).oookm 
Irom tlx* sun. This gives rise* to a variation 
of about ±2()% in solar radiation from 
mean distance values of the sun’s 
radiation. This effect Ls hardly notie cable 
on Earth since* tlx* Earth’s orbit is muc h 
less eccentric. This introduces one 
significant variable to tx* taken account of 
in trying to appreciate Mars’s complex 
climate t>attem. 



Another significant factor in under¬ 
standing the Martian climate is intrcxluced 
by' the tilt of the* axis of Mars to the* plane 
of its orbit. This tends to make the 
seasons of unequal length. 


The viking Missions 

The Viking I and Viking ll missions to 
Mars must rank among the most 
successful of any' mission to explore tlx* 
planets of ttx* Se>lar System. Prior to any 
data received from the current Mars 
Observer mission, it is ihe* data from the 
Viking craft, aixt in particular tlx* landers, 
on which present understanettng of ttx* 
planet is based. The Viking mission was 
also expensive - in the* region of si billion 
in 1977 - a!x>ut S2 billion at current prices. 

Each Viking c'raft carried an orbiter 
vehicle aixl a latxk*r module. V iking I was 
launclied cxi 20th August 1975 aixl Viking 
II followed on 9th September. Some to 
months later on 19th June 1976 Viking I 
was placed in an orbit round Mars in 
anticipation of landing on Mars on 4th 
July - a climax to the bicentennial 
celebrations e>f the United State's of 
.America. (See* Photo I.) 

Pictures taken by' the* V iking I orbiter 
craft. indie ated rocky terrain e>n the initial 
landing area and a decision on ihe 
landing was delayed. An eventual sale* 
landing was made on 20th July on 
Chryse Planilia. 

The landing was essentially a thre*e* 
stage prtxvss. Initially' rockets were lire*ei 
lor 22 minutes to lower tlx* craft towards 
the* surface. When tlx* top of the* Martian 
atmosphere was detected a large* 
parachute was deployed and close to 
the surface a sc*rie*s of roe ket motors 
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slowed the landing speed to a brisk 
walking pace. Tlx* laixiir\g system Ixxi to 
work Indejx'ndently of mission control 
sirxe command signals would have taken 
around 10 minutes to reach tlx* craft. Both 
landers werr lucky to make good landings 
although exx* of tlx* landing legs of Viking 
It may have been damaged. 

The television cameras cm the Viking 
laixiers couki swivel rourxl to provide* a 
360° field of view, arxi pictures showed 
a landscape c>f lx xilck*rs atxi small stones 
with material clearly deposited by surface 
Wind. Suc h scenes were not unlike many 
desert landscapes on Earth. Computer 
enharx'ement of tlx* Viking images gave 
them surprising sharpness atxJ clarity of 
detail as shown in Photo 2. 

The* first colour photograph of Viking I 
is shown in Photo 3. Tlx* grourxi may be 
rising to tlx* rim of an ancient crater. Tlx* 
landscai x* ls that of a surface strewn with 
rocks of various sizes overlain with 
reddish brown dust. The reddish colour is 
thought to be the result of chemical 
reaction between iron bearing com¬ 
pounds and water vapour - similar to 
‘rusting’ chi Earih. Considering tlx* relatively 
rough terrain around tlx* vikittg t site, the* 
craft was indeed lucky to have made 
so good a landing. The first colour 
photograph shown to the* public was 
shown with a blue Earth like* sky. This was 
later corrected to show a pink sky. 

Viking II was all tlx* time approaching 
Mars arxi was placed in orbit round tlx* 
planet chi 7th August. Again it was found 
necessary to rescan tlx* surface for a new 
landing site. Tlx* region of Utopia Planitia 
was chosen since this appeared to lx* a 
region with numerous satxl duix*s. These 
would !h* a c ontrast to tlx* rcx ky terrain of 
Chryse Planitia. After another successful 
laixling. tlx* first images to aj >fx*ar were of 
a landscaix* similar to that of Viking I - 
rocks arxi more rocks. Photo 4 shows a 
view over tlx* Utopian Plain. Tlx* apparent 
slope of tfx* Ixxlzon Ls due to the angle* at 
which tlx* craft settled on tlx* surface. 

Both laixiers had lx*en equipped with 
sophisticated systems to scoop up arxi 
analyse* soil samples. Plxxo 5 shows the* 
sampler scoop atxi arm of tlx* Viking I 
laixkr. During the collection process, soil 
was removed from a trench some 3in. 
wick* and 2in. deep and then the contents 
dro^x-d into a ho|)f x*r which fed material 
to various life search’ experiments. The 
soil apiieared to have tlx* consistency of 
vvei satxl. 

One experiment using a gas 
chromatograph/mass spectrograph 
scanned the samples for evidence of 
organic nx>lecules. Ncxx* were foutxi One 
theory was that any molecules which 
may have existed on the surface would 
tx* broken down by tlx* high levels of ultra 
violet light bombarding the* surfac e*. While 
this experiment indicated that organic 
compounds do not exist on the very 
surface layers of the planet, such 
comjxxtrxis c ould well exist at greater 
depths within the* Martian soil. 

In a separate series of experiments 
inv estigating biological activity, the results 
were inconclusive. Apparently positive 
results indicating tlx* presetx c* of Martian 
bacteria could also lx* attributed to exotic 
chemistry within tlx* Martian soil. 
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Lander I carried on working until 
November 1982 (working for over six 
years) Ixit Latxk*r II sto|)|x*ei functioning 
on nth April 198(> (worktrtg for less than 4 
years). Prior to this, control had been k)st 
of the* orbiter craft. Orbiter I ran out of 
attitude control gas on 25th July 1978 
while orbiter irs gas ran exit in tlx* late* 
summer of 1980. This meant that tlx* 
Orbiter craft couki not lx* controlled to 
direct its antenna down towards the 
Lander craft ciixi so tlx* mission effectively 
came to an end. 

The Atmosphere 
of Mars 

Tlx* mean surface pressure on Mars is 
approximately i% of that of tlx* Earth - 
cilxxit 7-5mbar. However, this mean level 
varies by as muc h as 26% due* to the 
melting atxi reformation of frozen carbon 
dioxide cm tlx* Martian polar regions. It is 
estimated tliat as much as 8 x uy j nx*tric 
tons of CO* arc* cycled chi an annual basis 
between tlx* melting i»k* arxi a reforming 

|X)k*. 

It is tlxxight that tlx* residual pole caj>s 
are principally composed of water Ice. 
The* nonlx*m |Xilc* rc*gicm in particular Ivis 
a relatively large* reserve of water Ice. 

Tlx* fact that vast reserves of water arc* 
kxked up in tlx* northern pok* areas Ls a 
major positive finding of the V iking 
mission. Previously it was tlxxight that 
tlx* ixilar ca|H> consisted entirely of frozen 
carbon dkixide - ‘dry ice’. Oix* of tlx* more 
startling photographs taken by tlx* Viking 
II orbiter indicates a vast kx* cliff in tlx* 
northern |x>lar regions (see Photo it). 
Presumably the lower gravity on Mars 
makes such vast ice cliffs more* stable 
than they wcxjIc! lx* chi Earth. 

There is no ckxibt that future* manned 
missions to Mars will set a high priority on 
drilling core samples from the polar 
regions in order to delve back into tlx* 
chronicle of Martian climatic history. 
Similar studies in the Antarctic <m Eanh 
have allowed the composition of the 
Earth’s aimospIxTc* to lx* determined over 
periods of hundreds of thousands of 
years. 


C if LS 

% ITesc'iit 

Carbon Dioxide 

965 

Nitrogen 

18 

Argon 

1*5 

Oxygen 

Ol 

water vapour 

0*02 

(traces of Ncchi. 

Krypton and Xenon 

atxi Car!x>n Mcxxixkle) 


Tiibk* J. (:omjx>sitkxi (by weight) of tlx* Martian 
almost >Imt<*. 


Aljove: PtxMo II This picture, taken by v iking 
II. shows extensive Unix* fiekis wtikli suiTouncI 
fix* nonlx’m |*>lar regkxi 'I1x*se cknx*s an* tlx* 
most extensive clnix* areas so far discovered 
in Ox* solar system. 


The composition of ihe Martian 
atmospliere Ls summarised in Table 2 . 

The* discovery of nitrogen in the 
almost >!x*re (essential k>r lik*> was a nvtjor 
revelation of the Viking mission. 

It is considered that significant anxxints 
of the* Martian atmosphere could have 
been lost into s|>ac c* as molecules high in 
tlx* planets atmosphere were split into 
tlx*ir com|xxx*nt atenns by' high ultra violet 
radiation arxi imparted energies higher 
than tlx* planet's escape velocity. Mars Ls 
txobably too small to hav e* kept lx>ld of an 
atmosphere although during its earlier 
periods of development it could have 
sustained it. This is one* of the vital 
questions which present atxi future* Mars 
missions will seek to answer. 

I he Martian Climate 

There is no doubt that if the Martian 
climate had been more welcoming it 
would have stirred up more interest in 
voyages of discovery to the* Martian 
surface. At tlx* Viking I lander siie the 
typical lowest night time tem|x*raiure was 
-86°c. and the highest day time 
temperature -33*C. On a warm clay chi 
Mars tlx* surface lemperature nviv rise* to 
around o°c; near tlx* equator. 

Surfac e temperatures have lx*en k Kind 
to lx* slightly higher than anticipated. This 
is due in the main 10 tlx* presence of (fust 
|Htrtic k*s in the atmosphere whic h sc alter 
atxi absorb solar radiation. This in fan 
gives tlx* sky a pinkish cokxir. 

The Martian weather is also more 
predictable than that on Earth where 
the influence of tlx* oceans introduces 
more variability on weather processes. 
There are apparently no major career 
opf xxtunities kx weather forecasters on 
Mars! Presumably tlx* viking data set 
recorded temperature changes taking 
place during dust storms though suc h 
findings are not disclosed in mission 
summaries. 

The variation in surface lx*atit\g causal 
by differences in solar warming with 
terrain atxi latitixk*. establishes pressure 
gradients whic h giv e* rise* to winds in the 
atmosj)here. winds terxl generally to lx* 
light atxi less than tonvsec. Dust storms 
are a regular feature of tlx* Martian climate. 
Local storms can Ixvome unstable and 
involve large* |)arts of tlx* planet s surtac e\ 
This liapfxned. for example, prior to the 
Mariner 9 orbiter mission. 

Pkiures of the latxlscape around the* 
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lor levels of water vapour to build up and 
condense, and also for beating of the* 
surface to lx* more effective within tlx* 
crater walls. 

Surface Features 
of Mars 

Surface details of Mars exit on a 
surprisingly grand sc ale considering the 
size of the planet. Photo 7 shows a 
photograph derived from a mosaic of 104 
images taken by the Viking Orbiter l 
spacecraft. Tlx* mosaic was created by 
the US Geological survey in Flagstaff. 
-Arizona. Tlx* large elongated feature is 
Valles Marineris - a rift valley with steep 




Top left: Photo 12. This picture of Mx>lx>s. mx* 
of tlx* MMH his of Mars whs taken by \ ikinn I at 
H distance of hIxhii too kikniK*tri*s. It reveals a 
heavii)' cratered object which in tin* jmsi 
suffered a major im|xx t which lues prolMbly 
severely weakened its strut tun*. 

Alxivc: Photo 13. Artists Impresskni of tlx* in 
orbit <k*taiLs of the Mars Oiiserver craft tlwit 
si mh ikI luive achieved Mars Orbit (tilling 
August 1993. 


V'iking lander sites show wind blown 
material which line up along the direction 
of tiu* prevailing winds. However, once 
the* wind speeds moderate, the* 
atmosphere tends to clear rapidly. Dust 
deposited on the* |x>lar caps may act to 
accelerate melting as the dust more 
readily absorbs lx*at from solar radiation. 
One of tlx* factors tending to erxxxjrage 
dust storms is fix* relatively low Martian 
gravity - about a third of that of Earth. 

In tlx* dry. arid conditions of Mars, tlx* 
major factors determining topography 
changes will be wind erosion and 
landslips triggered possible by Mars 
quakes. Just as on Earth wind blown sarxl 
leixis to lx* rouixk*d by countless impacts 
against obstructions, so grains of sand 
atxl dust on Mars are likely to lx* rounded 
also. Both tlx* laixiers were equipped with 
seismometers iix>ugh only that of Vikirtg 
I was deployed successfully. 

Evidence of early morning fog was 
oliserved in craters as shown in Photo 6. 
This is considered to lx* caused by frost 
forming overnight on the floor of suc h 
craters which with the* heat of tlw* sun. 
evaporates to form a fog. Presumably 
enclosed craters are an ideal environment 


sides which extends over 3.<xxi miles 
across the c*quatorial rc*gk>n of tlx* planet. 

It is typically arourxi 250 miles wick*. In 
close up orbital scans, numerous 
laixisli|is arc* visible along its path where 
material lias cascaded Into its deep | 
chasm. Photo 8 shows tlx* fine detail I 
within the Valles Marineris - showing j 
possible sites of erosion by water 
channels. 

The set of thrc*e markings on the lower 
central left area of Pix>to 7 are v olcanoes 
of the* 'Hiarsls Mountains - Arisa Mons. 
Pavonis Mons and Ascraeus Mons. 
Olympus Mons. considered to be the 
largest volcano in the solar system, 
towers some 17 miles above lix* mean 
level of the planet arxi is situated to tlx* 
left of fix* litx* of three’ volcanoes shown 
on tlx* Ic-fi of Photo 7. Olympus Mons is 
to date the largest volcanic structure 
known in tlx* Solar System. 

Photo 9. which is produced from 
photographs taken at lower altitude, 
shows clouds of water vajxxjr clinging to 
tix* towering sides as tlx* atmosphere 
cools in transit up its slofx*s. The base of 
the* volcano is some 500 miles in 
diameter. There is no ev idenc e of any 
present activity in the* Martian volcanoes. 
However, it is likely that significant 
outgassing from these volcatxx*s could 
have signific antly influenced the com 
position of tlx* Martian atmosphere. The* 
soil of Mars is a|)|)cirently rich in sulphur 
c< impounds. 

The Northern plains show little in the 
way of cratering. One possible* expla I 


nation is iliat volcanic activity has in tix* 
distant past erased their features. 
However, arouixl tlx* rx>nlx*m jxik* vast 
dune fiekls have lx*en discov ered which 
are considerably greater in extent than 
any such features on tix* Earth. 

While there is at present rxi evidence of 
surface water on present day Mars. tlx*re 
is significant evidence to indicate tliat in 
tlx* |iast vast quantities of water did flow 
cxi its surface. This ccxiki liavc* taken place 
at |x*rkxts of rapki climatic' change. Traces 
of rivers up to IOO miles wide* have been 
detected as shown in Photo lo. 

Photo li sixivvs vast duix* fields vvhkh 
entirely surround the northern jxile of 
Mars. Tlx* deposits of tliese dune fields 
are considered to consist of materials 
once locked within a more extensive polar 
region. This area may be the prime 
source of dust which gives rise to planet 
wide dust storms. 

The Moons of Mars 

l^hoixis (fear) and Deimos (terror) w'ere 
discovered by .\sa|>h Hall in 1877. and as 
planetary investigations could only ix* 
detected as extremely small objects their 
dimcnskxis ccxild ixit be resolved. 

However. ITxito 12 slxivvs a composite 
pic ture of Phobos formed from a mosaic 
of scans taken by V'iking I when it 
was about Kxikm distant. Phobos is 
approximately 27 x 22 x 19km in size and 
its surface is heavily cratered with one 
crater the Stickney crater lx*ing around 
lokm in diameter. The striations clearly 
visible, resembling rock strata arc ex¬ 
tremely puzzling and may be associ¬ 
ated with the initial impact - indicat¬ 
ing tiiat tix* satellite w^as almost split a|ian 
by tiie collision. 

The Mars 
Observer Mission 

Photo 13 shows an imfxession of tlx* Mars 
Observer c raft as it would liav c* appeared 
in orbit rourxi Mars, lix* main ixxiy is box 
shaped. The sixj>arx*l solar array of 7 x 
3 7m was ck*sigix*d to generate H3kW of 
ixivver for tix* craft’s electronic circTJits. A 
key element of tix* onlxiard instruments 
w'as a laser altimeter to ‘range’ the height 
of Mars under the craft and so build up a 
detailed tojx>grH|)hy map of the* planet’s 
surface. A full survey of the planet’s 
surface would have taken one Martian 
year - 687 Earth days. Once* the craft was 
initially placed in orbit a series of minor 
adjustments would have plac ed tlx* craft 
into a near-circular 118 minute jxilar orbit 
some 378km above Mars. 

On board instruments also included 
a thermal emission spectrometer, 
magnetometers, electron reflectometer. 
gamma ray spectrometer, pressure 
modulator and infra-red radiometer. 

This mission hadeibvious similarities to 
tlx* highly successful Magellan mission 
whic h mapped a very high proixxiion of 
the surface of \t*nus. The Mars Observer 
c raft was leased cxi tlx* design of tlx* RCA 
Satcom K communications satellite. 
Compared with tlx* V'iking mission, tix* 
$250 million price trig of tlx* craft implies 
that this would have been a much 
cheat x*r mission. 

Continued on pcxjt’ 56 
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A GUIDE TO 


ROFESSIONAL 

AjUDIO P ^ T 


by T. A. Wilkinson 


This month, to conclude the 
subject of audio ‘recording’ in 
this series, we take a whistle- 
stop tour of digital recording, 
its media and formats. But 
first, a few interesting 
thoughts. 

ROBABLY, not since the 
introduction of stereo recording 
and reproduction has anything 
changed our perception, and the 
subjective quality, of recorded audio in 
the way that digital techniques have. 
And, although digital audio has been 
around for some time, it is really only 
in the last ten years that things have 
taken off in a big way. For it was ten 
years ago, in 1983, that Philips launched 
Compact Disc to an unsuspecting and 
rather reluctant consumer market. 


Since that time there have been 
huge leaps forward in all areas of audio. 
You only need to compare the facilities 
offered by a modem inexpensive 
keyboard with that of a top flight 
model of ten years ago to appreciate 
how technically well off we are 
now. 

Digital audio reaches out and touches 
us all every day, whether we like it or 
not! For example, most of the telephone 
network has been converted to digital 
operation; most pre-recorded music 
programmes on BBC network radio 
are digitally mastered onto DAT, much 
of the audio on TV is digitised and of 
course many people are now intimately 
acquainted with Compact Disc! The 
list is endless, but you get the picture. 

Before we even begin to consider 
digital recording, we ought to ask 
ourselves “Well, why bother?” In fact 
there would be little point in developing 
digital recording systems if there were 
no benefits to be had in terms of the 
quality of the stored signal, and if digital 
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techniques could not in some way better 
the analogue systems we all know and 
love! 

The good news is, I think, that good 
and even fairly good digital recording 
systems can equal, and in many cases 
better, most analogue recording systems. 
Beyond these, some of the best digital 
systems simply leave analogue recorders 
on the starting grid! 

The question is, can you tell the 
difference between good old analogue 
and the modem digital equivalent? The 
traditional Hi-Fi buffs would have us 
believe that the modem CD system is 
still inferior and produces less musical’ 
results than the vinyl disc. But what 
exactly do they mean by ‘less musical? 
“Ah well, I mean it sounds clinical 
doesn’t it?”, or even “you can actually 
hear the holes in the digital recording!” 
These, and similarly degrading 
comments, all amount to the same thing, 
that is, digital recording sounds 
in some way different to analogue. The 
main cause of this is that a digitally 
encoded tape recording has none of the 
hiss or noise that is naturally inherent in 
all analogue tape systems; similarly, 
reproduction from a CD is not 
accompanied by the surface noise 
that comes free with every vinyl disc. 

Before I dig a hole for myself here, 
the answer is yes, I have been down the 
road of minimalist, esoteric turntables 
and ‘directional speaker cable’ (but 
please don’t tell anyone!), and I have 
come to the conclusion that using a 
compact disc based system with sensible 
(modest but capable) partnering 
equipment allows me to listen to the 
music rather than the Hi-Fi. Not only 
that, but now I can forget about RIAA 
correction, stylus tracking weights and 
the ‘end-of-groove distortion’ inherent 
on so many record playing systems. You 
would not believe how many times I 
tried, fruitlessly, to improve this latter 
problem. One vinyl disc in particular, 
Fleetwood Mac’s Rumours, illustrates 
this point perfectly; the last track of side 
one (Songbird), a gentle vocal and piano 
arrangement, is ruined by end-of-groove 
distortion. But listen to it on CD and 
ah, almost perfect. 

So yes, on the face of it, you can tell 
the difference, and on a pound for pound 
basis comparing, say, a £500 DAT 
recorder with a £500 analogue tape 
recorder, there is no doubt in my mind 
that the DAT machine would out¬ 
perform the analogue in terms of sheer 
quality. Musically? This I admit is 
somewhat subjective, and at the end of 
the day the system that’s right for you is 
the one that gives you greatest listening 
pleasure regardless of the technology 
used to produce it. The reason? Well, we 
all have different ears, don’t we! But I 
suspect that the professional user is 
looking for the ultimate in pure quality, 
with perhaps little regard for the cost. 

Or, to put it another way, the replayed 
recording must, as far as is possible, 
be an exact replica of the original 
sound - especially where mixing 
and re-recording is concerned. 

This is not to say that digital 
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recording techniques are perfect, some 
are far from it, but the problem is not 
one of storing digital information on a 
medium, that's the easy bit. The serious 
problems lie with the A-to-D and D-to-A 
conversion and the way in which the 
audio is compressed and coded. In 
much the same way as with analogue 
recording methods, digital recording 
is a whole series of compromises. 

In the most basic of terms, the 
incoming analogue audio signal (a 
continuous waveform) is sampled at 
high speed and thereby converted into 
a periodic signal, this is then quantised’ 
and given numerical values. Added to 
these numerical values will be extra 
bits or numbers to be used as error 
correction and timing information. 

These extra bits are said to be 
‘redundant,’ as they do not contribute 
directly to the audio signal, and cannot 
be used in the conversion of the digital 
signal into analogue format. The strings 
of digits are arranged into coded groups 
and are finally laid onto tape. Simple, 
eh? Well, as usual, it is not that simple 
and, like many of these things, one is 
amazed that it works at all! 

For many - and I do not exclude 
myself - getting to grips with digital 
audio is made all the more difficult 
by the use of unfamiliar and high tech 
sounding words and phrases, techno¬ 
jargon and Three Letter Abbreviations 
(TLAs - sorry!). In an effort to clarify 
some of these there now follows a short 
glossary and very basic explanation of 
some of the most common digital audio 
terms. 

Sampling Frequency 

The Sampling Frequency (often simply 
referred to as ‘FS’) of any digital 
recording system will always be at 
least twice that of the highest frequency 
contained within the signal. For audio 
this means that the choice of FS must 
be greater than 2 x 20kHz, i.e., > 40kHz. 
There are two reasons for this. 

If an audio signal is sampled at more 
than twice the highest frequency, it 
would appear that the sampled signal 
will have enough information contained 
within it to accurately recover the 
original signal, furthermore, any 
problems connected with ‘aliasing 
are also minimised. 

In order to allow compatibility with 
competitors’ equipment, and thus allow 
almost any tape to be used with any 
similar equipment, manufacturers have 
standardised on their choice of sampling 
frequencies. The three most common 
sampling frequencies used at the 
moment are: 

44*1 kHz - used in the PCM Sony 
Fl/701/1610/1630 type systems, based 
around video recording media such as 
Betamax and U-Matic. CDs also use 
this FS, because mastering for CD was 
originally done using PCM systems, 
hence 44 1 kHz is the chosen FS for all 
CD work. This seemingly odd choice 
of sampling frequency arose to give 
compatibility with both European 
25Hz PAL and American 30Hz NTSC 


television systems, on which the PCM 
system was based. 

PCM systems that use video recorders 
insert three digital samples per active 
line of the picture. On a 25Hz, 625 line 
system there are 588 active lines, whilst 
the 30Hz system uses 490 active lines. 
Now if we simply multiply the number 
of active lines by the number of samples 
per line by the frame rate, the answer 
for both the 25 and 30Hz systems is the 
same, i.e., 588 x 3 x 25 = 44,100Hz and 
490 x 3 x 30 = 44,100Hz. 

48kHz - this sampling frequency 
is considered as the ‘no compromise’ 
professional standard. Conversion to 
other sampling rates is fairly easy, and 
48kHz works well with both film and 
TV production. DAT uses this FS as do 
many other professional digital tape 
recording formats. 48kHz is also the 
AES/EBU standard for the local’ 
transfer of digital audio between studio 
and studio, mixer to mixer, etc., using 
for example fibre optics. 

32kHz - this is the EBU (European 
Broadcasting Union) standard and is 
the earliest of the current standards, 
and was designed for use in audio signal 
distribution. Obviously 32kHz only 
allows a somewhat restricted bandwidth 
of around 15kHz, and whilst this is not 
considered as very suitable for high 
quality music recording, it is widely 
used for distributing signals in TV 
sound and AM/FM radio. The EBU has 
settled on 32kHz as the standard for 
long distance signal distribution. Some 
digital recorders also have an option for 
a 32kHz sampling rate, this can be used 
to increase the recording time capacity 
of the medium (at the expense of 
reduced bandwidth), a bit like the 
‘Long Play’ option on video recorders. 


Sample Rate 
Conversion 

In certain situations it may be necessary 
to transfer data between equipment 
with dissimilar sampling frequencies, 
and therefore a conversion of the 
sampling rate is required. For example, 
conversion from 32kHz to 48kHz is a 
fairly straightforward 3:2 ratio, and can 
be achieved by three times oversampling 
32kHz to 96kHz, followed by a division 
of two, resulting in 48kHz. Other 
conversions are not so easy; 44 1 kHz to 
48kHz is more common now, but at one 
time this required literally thousands 
of stages to complete, resulting in 
expensive conversion equipment. 


Bits Per Sample 

The number of Bits Per Sample (among 
other things) sets the dynamic range of 
the system, and the dynamic range is 
often quoted as (6 x n)dB, where ‘n’ is 
the number of bits per sample. 

Thus, a 16-bit recorder would have a 
dynamic range capability of 6 x 16dB or 
96dB; in this context a digital system 
can be considered as better than a 
similar analogue set up. 


Signal to noise ratio is quantified in 
a similar way to dynamic range, again 
using the bits per sample factor. 
However, to make realistic comparisons 
with analogue equivalents, it is 
necessary to use the same measurement 
techniques with consideration for signal 
‘weighting’ and peak operating levels. 

In short, a more realistic and correct 
estimate of a digital recorder’s signal to 
noise ratio would make use of a ‘fiddle 
factor,’ which effectively takes account 
of the above considerations. Thus 
the weighted signal to noise ratio is 
estimated as (6 x n -11 )dB; where ‘n’ is 
the number of bits and ‘11’ is the ‘fiddle 
factor’. A 16-bit recorder would have an 
estimated signal to noise ratio of (6 x 16 
-ll)dB or 85dB, which still looks quite 
good when compared to a professional 
analogue recorder at around 60dB. 

It is worth noting that for every 
extra bit added to a digital system, the 
number of quantising levels is doubled 
and the relative noise level will be 
halved. So, although the difference 
between 14- and 16-bit systems doesn’t 
seem much (well it’s only two bits, isn’t 
it?) the actual potential difference in 
performance is quite staggering! 


Interleaving 

--- 

One potentially serious problem with 
digital recording is tape ‘drop out,’ 
this is a term used (in both analogue 
and digital recorders) to describe a 
momentary loss of intimate contact 
between tape and head during replay. 

In an analogue system this results in a 
short period of low level, distorted audio, 
annoying of course but not a total loss. 

However, in a digital system the 
problem is far more serious, because 
dropouts result in the loss of a large 
chunk of data, causing a loud click 
at the output. Tb overcome this, 
consecutive signal data is not recorded 
in a sequential fashion but ‘interleaved’ 
by jumbling up the data samples and 
distributing them in a different order 
across the recording medium. In this 
way, any dropout that may occur will 
contain a mixture of various non- 
consecutive bits of data, making error 
correction a little easier. If a very serious 
loss of data occurred, many systems will 
simply mute the output. Whilst this gets 
over the loud click problem the result is 
effectively a short period of silence! 


Digital Recording 
Parameters and 
Considerations 

In order for a digital recording system 
to equal and better the performance of 
its analogue equivalent, it must meet 
certain expectations and conform with 
certain parameters. 


Bandwidth 


Firstly, the full bandwidth for use in 
audio is considered to be 20kHz and is 
normally quoted as 20Hz to 20kHz. As 
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we know this figure is based around the 
nominal frequency range of the human 
ear. This 20kHz bandwidth is actually 
quite comprehensive and takes account 
of those with the most sensitive hearing 
- young people! It’s a sad fact however, 
that from the moment we are bom our 
hearing response deteriorates; by mid¬ 
life we can consider ourselves fortunate 
if we can hear anything above 15kHz 
or so. 

However, our professional digital 
systems must be able to cope with the 
full audio bandwidth of 20kHz if they 
are to realise their full potential. 


Dynamic Range 

The dynamic range of an audio system 
can be described as the usable range in 
dB between the quietest signal at one 
end of the scale, and the loudest signal 
at the other end, before the onset of 
distortion. 

A good quality mixing desk, for 
example, is likely to have a noise floor of 
say -72dBu, with maximum headroom 
of perhaps 18dB above 0 level. Therefore 
the dynamic range could be quoted as 
90dB. and a digital recorder will need 
to have a dynamic range of something 
approaching this figure at least if high 
quality (acceptable?) results are to be 
obtained. 


Compatibility 

Quite simply compatibility is vital, a 
tape mastered on one machine must be 
able to be replayed on another machine 
at another location without the need to 
resort to any form of fiddling or bodging 
to make the transfer complete. This 
means that a certain amount of co¬ 
operation between manufacturers is 
required and standards such as tape 
dimensions, sampling frequencies, 
track format, etc., must be agreed and 
adhered to. In the main this seems 
to be the case, and let’s face it, any 
manufacturer who produces a system 
with odd ball sampling rates or non¬ 
compatible tape sizes will be left out 
in the cold! 


Advantage ... Digital! 


One major advantage of digital 
recording is the fact that, as the audio 
signal is represented simply by a mass 
of binary numbers, coded groups of Is 
and Os, it is in theoiy possible to copy 
this pattern and thus the audio itself, 
an unlimited number of times without 
the degradation of quality so apparent 
in similar analogue systems. The beauty 
of digital storage in general - which 
could include anything from sounds, 
images or the written word - is that 
the accuracy of the information merely 
depends on the correct numbers being 
retrieved, not the quality of the media 
in which the numbers were stored. If 
this is done successfully, then nothing is 
added and nothing is taken away from 
the original during the copying process. 
(Perhaps this is what is wrong with the 
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CD critics mentioned earlier - they are 
simply missing all the background noise 
and other ‘fluffy’ bits they are normally 
used to, hence it sounds unnatural!) 

Unfortunately the record companies 
have also realised the implications of 
the benefits of perfect copies, and are 
now forcing manufacturers to equip 
recorders for the domestic market with 
a system known as SCMS (Serial Copy 
Management System). In basic terms 
SCMS allows one digital copy only 
to be made from an original digital 
source such as CD or DAT, as during 
the copying process SCMS adds an 
inhibiting code to the data stream, 
and subsequent attempts to digitally 
copy the copy are not permitted. 

Enterprisingly, some audio 
manufacturing specialists have 
developed and marketed a number of 
nifty little devices, which can be used 
to strip out or add the nasty SCMS 
inhibiting code when making tape 
transfers in the digital domain! 

The quality of a digital recording is 
generally not affected by, and therefore 
independent of, the recording head and 
medium; this is borne out by the fact 
that it is now possible to record almost 
full bandwidth stereo music on a simple 
(but very high density) floppy disk! 
Further advantages over analogue 
include a total absence of wow and 
flutter type problems, with very 
low noise, distortion and crosstalk 
elements. Add to this the sort of track 
identification and timing information 
that can be laid dowm alongside the 
audio tracks, and digital recording 
techniques look pretty impressive! 


Digital Formats 

Perhaps the most familiar of early 
digital recording format was the PCM 
system based around a video recorder 
and an A-to-D, D-to-A conversion 
unit (Analogue to Digital, Digital 
to Analogue). 

Sony developed the PCM FL/701 
systems to be used in conjunction with a 
Betamax VCR. The FI was aimed at the 


domestic market, bringing digital audio 
into the home for very reasonable cost, 
whilst the F701 was intended for the 
more professional user and thus could 
be mounted in a rack. 

Another variation, the PCM 
1610/1630, was used with U-matic 
format video recorders and was aimed 
at the serious professional user. Many 
master tapes for CDs were, and still 
are, produced using this type of system. 

The PCM adaptor unit converted the 
incoming analogue audio signal into 
a coded digital format using either a 
14- or 16-bit format, with added timing 
information and line/field sync pulses, 
and modulated the whole to follow 
the pattern of a video waveform. 

This composite signal is then simply 
sent to the input of a VCR and striped 
onto the video tape in the conventional 
manner. 

A novel feature of PCM, by way of 
coincidence, is the system’s inherent 
ability to produce a video image of the 
digital audio on a monitor screen! This 
is easily accomplished by connecting the 
video output of the VCR to a monitor 
tuned to the appropriate channel. 
Viewing the data has limited value for 
most people, but it is quite interesting 
to actually see the digits fly by with the 
music! 


R-DAT 


Now firmly established in the home 
studio and professional environments, 
and considered by the likes of Sony to be 
a mature format, R-DAT (Rotating-head 
Digital Audio Tape), now simply referred 
to as DAT, is proving to be an easy to 
use and flexible recording medium. 
However, in common with several other 
current digital formats, there is the 
editing problem. Traditional analogue 
tape cut editing is not possible with 
DAT, but reasonable results can be 
achieved by ‘dub editing,’ although this 
can be frustrating and time consuming. 
The other method of editing such 
material is to download the data to a 
hard disc based system and edit it using 



Photo 1. Internal view' of a TEAC DAT recorder, the rotating head-drum assembly 
can be seen at the rear of the transport mtK'hanism. 
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a proprietary software package. There 
are various versions available, but none 
come very cheaply! 

DAT uses the 48kHz sampling 
frequency as standard and can thus 
accommodate full bandwidth audio. 

All the usual benefits apply, such as 
the absence of tape hiss, dynamic range, 
etc., and the recording quality is really 
very good. As mentioned earlier, some 
machines offer a choice of sampling 
rates, such as 32kHz for extended long 
play recordings, or 44 1 kHz for direct 
CD mastering. 

A cursory glance inside a DAT 
recorder (Photo 1) reveals a mechanism 
similar to that of a VCR, albeit on a 
reduced scale. Indeed, tape transport 
functions and systems are similar 
to familiar tape loading, a rotating 
drum containing the heads and helical 
scanning of the tape. VCR machines 
use a 180 tape wrap around the drum 
which can be slow and rather difficult to 
load, and presents a problem when fast 
spooling is required. DAT simplifies this 
situation by using only a 90’ tape wrap. 
This obviously allows easier tape loading 
and unloading, giving faster tape access 
and spooling operations. In theory, such 
a complex mechanism in this small scale 
should create all manner of reliability 
problems, but I must say that of the 




mission is imminent. However, it seems 
certain that developments in technology 
up to the turn of the century' will make 
aspects of the mission more affordable, 
and fundamental developments in new 
methods of propulsion may speed 
progress rapidly. Tlx* mission is also likely 
to be a cooperative otx\ 

Over the years many pro|x>sals and 
plans have been put forward to tame’ 
Mars - to regenerate tlx* atmosplx*re and 
colonise tlx* cold dusty planet. This work 
is both highly complex aixi highly sjxxru- 
lative. but even rx>w key groups of scien¬ 
tists are working towards making such 
dreams a reality. \\t* are at tlx* same point 
in tinx* rx)w perhaps as Columbus was at 
tlx* court of Sf>ain. Ix*gging lor funds to sail 
west aixl fitxl anotlx*r route to India. .\s 
we all know, wtiat lx* discovered came as 
a surprise to everylxxiy arxi the world 
lias been a different place ever sitxe. Can 
history rejx*at itself? 


Gonclusk >n 

The Viking lander mission was a sjxx- 
tacular succeSS which revolutionised our 
understanding of the red planet. Mars has 
suddenly lx*en brought close to planet 
Earth - it is no longer a mysterious sfxxk 
of light in the night sky. Just as on Earth 
we are always learning more and more 
alxxit tlx* Earth arxi firx ling there is more 
firxl more knowledge to lx* obtained - so 
it is likely' to lx* with Mars - discovery will 
be endless - Ixit certainly exciting. 

Acknc )\vlcc lgrnent 

Hhhos rt-j *< «k* it! fyy kind jx-rmisskm of. «uw1 cofiyntfii 
01003. Xatikwil Aomauricsti’idSpHC'r .\dnlmLsir.iikxvXi 
I*rr^iulskxi Laboratory 

Further rrarftng ,\kis rhr Nt-xJSlrp. A E. Smith. .Adam 

Hdgrr 
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Future Unmanned 
NASA Mars Missions 

It is likely that the next NASA Mars mission 
will be the Mars Env ironment Survey 
Pathfinder. This will inv olv e an orbiter and 
lander with a micro-rover of a type such 
as Rocky' IV shown in Photo 14 Such a 
v ehicle would allow the robot controlled 
rover to trav erse terrain and avoid rocks 
arxi other hazards by an on-board intelli¬ 
gent behaviour control’ system. (See 
Photo 14.) 

Future Manned 
Mars Missions 

,\t present the USA. with its commitment 
to tlx* Shuttle project, lias no su|x*r rocket’ 
to lift into low Earth orbit in a realistic tinx*. 
tlx* large payload of arourxl 500 tons of 
craft that would likely lx* txx*dt*d for a 
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Above: I*lx>io 14. Rcxky IV' is one of <i range ol 
vehicles lx-ing tested for |x»ssi)>le future mis¬ 
sions lo Mars wIktt survey craft will explore 
tlx terrain more extensively' around laixling 
sites 

manned mission. However. Soviet 
spacetechnology developed the vast 
Energiya’ rocket which can lift indiv idual 
payloads of aroutxi 120 tons into space 
arxi so assemble a craft in low orbit rela¬ 
tively rapidly. 

One critical aspect of any planned mis 
sion. is whether ‘rocket braking*, or air 
braking, would lx* used to slow the craft 
down to lx* captured by' Mars gravity, if air 
braking* is used, then a reduced payload 
of fuel would lx* required for the mission. 
Unfortunately, in tlx* present climate of 
economic uncertainty among the worlcfs 
economies, it is less likely that the 
announcement of a manned Mars 



Photo 2. Examples of studio and portable DAT recorders. 


DAT recorders I have worked with 
this is not the case. All credit to the 
manufacturers! 

There is now a vast range of 
DAT machines on the market, with 
facilities ranging from the basic to the 
outrageously complex and priced 
accordingly. The more comprehensive 
machines will offer a full choice of 
sampling rates and some have ‘useful’ 
editing facilities. 

Photo 2 shows two nice DAT 
machines; the portable unit on top of 
the Sony studio machine is the TEAC 
DA-P20. It has around two hours of life 
from the rechargeable batteries, quality 


XLR input connectors, a reasonable mic 
input stage and a good reliability factor. 

Having personally seen three of these 
machines in more or less constant use 
over the last year or so, I can say that 
they have certainly given a good return 
for a very modest investment. 

The DA-P20 has won many friends 
since its launch a year or so ago, and, 
with only a few bad reports, is finding 
its way into many a location recordist’s 
and radio journalist’s duffle bag! 

Next month we shall continue the 
digital theme by looking at disc based 
audio systems and multitrack digital 
recorders. 



































I Ms the final part of this series, we 
I conclude last month s discussions 
■ on practical audio amplifier systems 
with the final link in the chain between 
pick-up and loudspeaker - the power 
output stage. 

The previous amplifier stages have 
been concerned with producing a faith¬ 
ful replica of the input signal, but at a 
laiger voltage amplitude. The function of 
the output stage is rather different and 
certainly more demanding. Because it 
requires work to drive the speech coil of 
a loudspeaker, and because work 
equates to power when we introduce the 
time element, the output stage must 
produce laige excursions of current as 
well as voltage - and it must do so with 
the minimum amount of distortion 
being introduced. This means that the 
output valves must be capable of pass¬ 
ing laige current flows, which implies a 
heavy emission of electrons from the 
cathode surface in the first place. There 
are two factors that limit the amount of 
current that a valve can carry. They are: 

(a) the surface area of the cathode 
capable of emitting electrons, coupled 
witli the power input to the heater. 

(b) the amount of heat that can be 
dissipated at the anode without causing 
degradation of the valve s performance, 
e.g.. the emission of gases from the sur¬ 
face. which would seriously impair the 
operation of the valve by causing colli¬ 
sions between the gas molecules and 
the electrons in transit: excessive heat 
could also cause failure of the anode 
structure. 

It is obvious from the above points 
that valves intended for high power 
applications (using the word high’ in a 
relative sense, since one man’s watt is 
another’s kilowatt!) must have laiger 
electrodes than those intended Just for 
voltage amplification. 

Triodes versus Pentodes 

These two types are obvious contenders 
for the role of output valve: for the 
moment we will lump beam tetrodes in 
with pentodes. What we need to con¬ 
sider is how well each type of valve will 
be able to handle the task, given the 
rather stringent requirements that 
apply. Let us consider triodes first. 

If the characteristics were absolutely 
linear and parallel, no amplitude dis¬ 
tortion at ail would result. Both half¬ 
cycles of the signal input would produce 
equal swings at the output, each being 
a faithful copy of the input. 

The mutual (grid) characteristics for 
triodes tend to be both linear and par¬ 
allel. which means that swings of the 
signal voltage along these characteris¬ 
tics should not cause too much distor¬ 
tion in the output (we won’t, at the 
moment, quantify how much distortion 
is tolerable), so this is a plus point for 
the triode. On the other side of the coin, 
however, is the low gain of the triode. 
This means that, for a given output sig¬ 
nal amplitude, the input signal has to 
be fairly laige if the stage is to be driven 
fully. At the same time the triode also 
takes a great deal of current from the HT 
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supply, so is not very economical in 
terms of power consumption (when 
compared with its amplifying capability). 

The type of amplitude distortion that 
the triode does produce is largely second 
harmonic. Thus, an input signal at, say. 
400Hz would have, after amplification, 
a significant amount of an 800Hz com¬ 
ponent also. This fact is. as we shall see 
later, not as serious as it might at first 
appear, since it is relatively easy to 
reduce this type of distortion to accept¬ 
able proportions. 

Looking at the pentode now. and 
bearing in mind some of the deficits 
listed above for the triode. one advan¬ 
tage that we can call to mind immedi¬ 
ately is going to be its higher voltage 
gain, allowing the use of a smaller input 
signal in order to obtain a given output. 
Also, it takes less HT current, and so is 
more economical with supply power 
than the triode. However, its mutual 
characteristics are not as linear or as 
parallel as those of the triode. though 
it is possible to compensate for this 
deficiency. 

As far as harmonic distortion is con¬ 
cerned. the dominant harmonic pro¬ 
duced here is the third harmonic. 
Eliminating this is not as easy as getting 
rid of even order harmonics: 2nd. 4th. 
etc. One point of comparison that can 
be made with triodes. that we shall see 
is significant, is the value of the anode 
slope resistance. r a . In triodes this is 
quite low. whereas in pentodes it is by 
comparison generally extremely high. 

The Triode Output Stage 

Any valve amplifier, being an active 
device that is delivering a signal to a 
load, can be considered in a general 
case to be a generator. Any generator 
cannot avoid having an internal resis¬ 
tance, and the value of this internal 
resistance will determine the optimum 
value of load impedance into which the 
generator can deliver its maximum 


power. For valves, the internal resistance 
is the parameter r a . this being the reci¬ 
procal of the slope of the output char¬ 
acteristics. as we have seen in Part One 
and Part T\vo. and so is quite clearly the 
output resistance of the valve when 
feeding a load. 

The maximum power transfer the¬ 
orem states that ’a generator delivers 
maximum power to a load when the 
source resistance of the generator 
equals the load resistance’. Before any¬ 
one reaches for pen and paper to tell me 
that I am wrong, let me just add that 
this theorem as stated applies when the 
load is resistive. If the load is reactive 
then maximum power is transferred to 
the load when the load Impedance has 
a value that is equal to the coryugate of 
the generator impedance. If the word 
conjugate isn’t understood, don’t worry 
about it: it comes from complex algebra, 
which I have no intention of going into 
here! 

Figure 1 shows the valve represented 
as a generator. Figure 1(a) shows the tri¬ 
ode (it could equally well be a pentode) 
with an input signal V*. a load Rl in the 
anode circuit and the internal resistance 
r*. The grid bias voltage is represented 
by a battery, and since this voltage is DC 
Figure 1 (b) shows the equivalent circuit 
which can be used to analyse the per¬ 
formance of the amplifier. This com¬ 
prises three components: a voltage 
generator pVg. which represents the 
valve action and two resistances: r a . the 
generator internal resistance: and Rl, 
the load resistance. In the specific case 
of the valve, whether triode or pentode 
(in theory at least), the maximum power 
will be transferred to the load when the 
latter is equal to the r a of the valve. This 
raises a problem immediately. 

The load on an audio output stage is 
the speech coil of the loudspeaker. It is 
totally impracticable to wind such a 
speech coil so that it has an impedance 
anything like that of the r a of even a tri¬ 
ode valve, which will be of the order of 
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Figure 1. The valve as a generator; 

(a) actual triode circuit (without bias 
components) and (b) the AC equivalent 
circuit. 

thousands of ohms! A practical value for 
the speech coll Impedance is unlikely to 
be more than a few tens of ohms (eight 
ohms (8ft) is a common nominal value). 
Ftom this it is quite obvious that it is 
impracticable, in the case of valves, to 
connect the speech coil directly into the 
anode circuit of the output stage as the 
load. There are other considerations 
that make this undesirable anyway, but 
the above argument, on the grounds of 
load and source impedances, should 
make it clear why this course of action 
cannot be undertaken. 

The Output Transformer 

The answer is to use an output trans¬ 
former with a step-down turns ratio. 
The required ratio n can be calculated 
from a simple formula, which Is as fol¬ 
lows: 

Load required by valve 
Resistance of speech coil 

Notice that the above formula says 
load required by valve and not actually 
the valve’s r a . This is because the load 
presented to the valve by the loud¬ 
speaker. through the transformer, is not 
resistive and it has been found in prac¬ 
tice that the load that the valve needs to 
see is approximately equal to twice the 
r a of the valve. 

As an example, if the triode in ques¬ 
tion had an r a of8.000ft and the speech 
coil resistance was 16ft (using conve¬ 
nient figures for ease), then twice r., is 
16.000ft and the turns ratio needed is 
equal to V1.000. which is approximately 
33:1. 

The penalty that one has to pay by 
making the effective triode load equal to 
twice the valve’s r a is an increase in the 
drive voltage required for full output. 

Design of output transformers for 
quality audio reproduction requires 
great care. In particular, the primary 
inductance must be as high as possible 
(necessitating a bulky transformer) if it 
is to offer a constant impedance to the 
valve at all frequencies of interest. 
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Modem cores are not made of ordinary’ 
electrical steel as may be found in a 
mains transformer, but of a higher qual¬ 
ity. purer stuff with superior magnetic 
performance: this also makes it 
possible to keep the bulk down to 
reasonable proportions, certainly 
modern examples are a good deal 
smaller than their early equivalents. 

Other factors such as self-capaci¬ 
tance and leakage inductance must also 
be optimised if reproduction at the high 
frequency end of the spectrum is not to 
suffer. This is usually achieved by not 
winding the former in the normal’ way 
like you would with a mains trans¬ 
former. Instead, both primary and sec¬ 
ondary windings are split up into 
sections and interleaved with each 
other, some of these arrangements can 
be quite complex and. to go really ’over 
the top’, one layout incorporates a split 
bobbin, where the order of the layers on 
one half are reversed on the other half. 
Add to this a choice of secondary taps 
for different speaker impedances, and it 
can be appreciated that manufacture 
can be extremely labour intensive, and, 
hence, valve output transformers can 
cost a small fortune if you want genuine 
Hi-Fi quality. For more information on 
the subject, see the small book Coil 
Design and Construction Manual by B. 
B. Babani (available from Maplin. Code 
RH53H. Price £2.50) which came out 
as a first edition in 1960. and gives 
detailed guidelines on how to make your 
own. We wouldn’t recommend designing 
and making your own output trans¬ 
former however there are, fortunately, 
still a few competent manufacturers 
around. 

Tetrodes and Pentodes 

In contrast to the triode. both of these 
types of valve have extremely high val¬ 
ues of r a that require careful matching 
to the loudspeaker impedance. The rule 
regarding triodes does not work in these 
cases, and it has been found that these 
valves work best when they see an effec¬ 
tive anode load that is between one- 
third and one-sixth of their r a value. 
Care is required in the design of output 


stages using such valves since, other¬ 
wise. they can generate an excessive 
amount of distortion. In general, the 
safest technique is to choose the load 
value which is recommended by the 
maker of the valve. 

Although the beam tetrode may often 
be considered as the equivalent to a 
pentode (especially since they are alter¬ 
native answers to the same problem of 
the interelectrode capacitance C.J. them 
are significant differences due to their 
different modes of operation. One of 
these differences is the type of ampli¬ 
tude distortion that each introduces into 
the amplified signal. 

In the case of pentodes, the distortion 
is principally third harmonic with only 
a little second harmonic; this is the 
opposite to the beam tetrode, where 
mostly second harmonic distortion is 
produced. Thus, in terms of harmonic 
distortion, beam tetrodes behave more 
like triodes. 

Push-Pull Amplification 

There are several ways of approaching 
the design of valve power output stages: 

(a) Single-ended, where the output 
transformer is in the anode circuit. 

(b) Parallel operation, where two or 
more valves are connected in parallel in 
order to boost the power output, the 
output transformer being again in the 
common anode circuit. 

(c) Push-pull operation where two 
valves (or sets of paralleled valves) are 
driven alternately by the input signal, 
each valve having half of the primary 
winding of the output transformer in 
series with its anode, the centre tap of 
this transformer being connected to the 
HT supply positive line. 

We can dismiss both (a) and (b) 
immediately on the grounds that, since 
the primary winding carries the full 
anode current in one direction only, its 
core would have to be excessively laige 
or specially constructed in order to avoid 
saturation arising from the quiescent 
DC. Again the Coil Design and 
Construction Manual shows how this is 
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Figure 2. A push-pull output stage using triodes. 
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done; the common arrangement is 
where the magnetic circuit is effectively 
broken by introducing a thin layer of 
waxed paper or similar to separate the 
core into independent stacks of E* and 
T sections. The gap reduces the core’s 
sensitivity to EX), yet allows alternating 
magnetic lines of force to pass through 
LF response is critically linked to the 
choice of gap spacing, so tolerances 
must be tight. Many consumer quality 
radiograms and record players et al 
used this type of output stage, but it is 
not worthy of serious consideration, 
especially as the type of harmonic dis¬ 
tortion introduced by the output valve(s) 
cannot be reduced by this type of con¬ 
nection. 

However, in the case of (c). push-pull 
operation, the DC anode currents flow 
in equal and opposite directions in the 
half-primary windings, and so their 
fluxes cancel out. Saturation is thus 
avoided, even with relatively small cores, 
the core size now being dictated by the 
consideration given above, of providing 
a constant load at all frequencies. The 
second advantage that arises from the 
push-pull connection is the cancella¬ 
tion of all even order harmonics. Figure 
2 shows the arrangement of one 
possible type of push-pull output stage. 

Valve VI is the driver stage and 
valves V2 and V3 form the push-pull 
output stage. The phase-splitting 
action is performed here by the use of 
a driver transformer Tl. in which the 
secondary winding is centre-tapped to 
OV and so provides a pair of equal, 
anti phase voltages to the grids of the 
output valves as well as DC bias. With 
no signal input to the driver stage, both 
output valves draw only their quies¬ 
cent current, and this flows in opposite 
directions in the half-primaries of the 
output transformer T2. 

When a signal is being amplified by 
VI. both ends of the driver transformer 
Tl are at opposite potentials with 
respect to the centre-tap. the latter being 
connected to the cathodes of both out¬ 
put valves via the cathode bias compo¬ 
nents R1 and Cl. Thus, as the grid of 
one output valve is being driven in one 
direction, say positively, the grid of the 
other output valve will be driven in the 
opposite direction, in this case nega¬ 
tively. The terms positively and nega¬ 


tively are here used in a relative sense, 
since whether the signal voltages are 
actually positive or negative with respect 
to OV will depend upon the way in which 
the output valves are biased. The 
classes of bias possible with output 
valves are illustrated by the mutual 
characteristic shown in Figure 3. 

Classes of Bias 

These are more commonly used to 
describe ‘classes of amplifiers'. Taking 
Class A first of all. this is the bias 
method commonly employed with most 
single-ended amplifiers, i.e. not wired 
in push-pull. The valve is biased to the 
mid-point of the characteristic such 
that the quiescent anode current is 
large, and the signal swings cause equal 
changes in this current for both half¬ 
cycles. Distortion is minimised, but effi¬ 
ciency is low because of the high DC 
power input required to obtain a given 
AC power output. The available AC 
power output is also reduced, because 
the valve is contributing to both positive 
and negative half-cycles of the output 
signal, and having to do it within its 
available total signal excursions. 

If. instead, the valve is biased to the 
point of projected cut-off. the valve is 
then operating in Class B. The quies¬ 
cent anode current is extremely low. giv¬ 
ing very high efficiency, but the amount 
of distortion introduced is high, making 
this mode unsuitable for quality repro¬ 
duction. Its main application is in pub¬ 
lic address systems where quality is less 
important than cost. 

A compromise class of bias then is 
Class AB. where the bias point lies 
between those for A and B. This gives 
an improvement in efficiency and pos¬ 
sible power output over Class A. with 
better quality than can be obtained with 
Class B. Class AB actually divides into 
two sub-classes, depending upon how 
hand the grids are driven. In Class AB 1. 
drive is restrained so as not to cause 
grid current to flow, in Class AB2. grid 
drive is increased and grid current flows 
at the peaks of the positive half-cycles. 

Finally, in Class C operation, the 
grids are biased well beyond cut-off and 
are driven very hard in order to make 
anode current flow in short pulses, just 
at the peaks of the positive signal half¬ 


cycles. This type of bias is restricted to 
radio-frequency operation, where the 
pulses of current merely excite a res- 
nant circuit in order to produce a full 
sinusoidal output. So now you know? 

Harmonic Cancellation 

Because of the fundamental way in 
which push-pull output stages work, 
the signal currents in the output valves 
flow in opposite directions in the output 
transformer’s secondary winding. The 
magnetic flux that links with the sec¬ 
ondary winding of this transformer 
induces voltages that are additive in this 
secondary. Thus, a positive half-cycle 
developed in valve V2 at one Instant 
causes a corresponding voltage to be 
developed in the secondary winding; 
this is followed by a negative half-cycle 
produced by valve V3. which also 
Induces a similar voltage in the sec¬ 
ondary winding. As a result, the sec¬ 
ondary voltage appears as a continuous 
voltage, compounded from the succes¬ 
sive efforts of the two push-pull output 
valves working separately but in co¬ 
operation. 

However, any even order harmonics. 
2nd. 4th. 6th. etc., generated by the out¬ 
put valves cause opposing magnetic 
fluxes in the primary winding which, 
consequently, cancel out. No even order 
harmonics appear in the secondary 
winding. This is a major advantage of 
push-pull operation. It is obvious that 
this is of more significance when triodes 
or beam tetrodes are used, since this is 
the type of harmonic distortion that 
these valves generate. This somewhat 
dampens the popular idea that the main 
characteristic of such amplifiers is that 
they generate lots of 2nd order har¬ 
monic distortion! 

Value of Anode Load 
for the Output Stage 

The actual value of the anode load in 
push-pull operation is not the same as 
that calculated for single-ended opera¬ 
tion. Again, the best bet will be the fig¬ 
ure provided by the valve maker, since 
this will have been computed to give the 
minimum amount of odd order har¬ 
monic distortion. In pentodes, it is third 
harmonic distortion that is the major 
type, and it is possible to minimise this 
by a suitable choice of load. In fact, it is 
essential to do this, since push-pull 
operation does not result in any reduc¬ 
tion in the odd order harmonic content. 
It has been found that reducing the 
value of anode load substantially below 
the nominal value reduces third har¬ 
monic distortion and increases second 
harmonic distortion, the latter then of 
course being cancelled by the push-pull 
connection. 

Negative Feedback 

It is possible to write a book on this sub¬ 
ject; many have already done so and I 
have no intention of adding to the pub¬ 
lished material. Suffice it to say that it 
is a matter of great importance in the 
design of audio amplifiers, of any type. 
Thus, the theory is not specific to valve 
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Figure 3. Classes of bias. 
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amplifiers. Its benefits are well-known In 
reducing distortion of all types, in giv¬ 
ing gain stability and in coping with the 
resonance problems of loudspeakers. 
That is all that need be said about it 
here. 

Examples of Hi-Fi 
Audio Amplifiers 

We shall now have a look at a few audio 
amplifier circuits which will illustrate 
the various approaches that designers 
have adopted in the past. 

The Gamer 10W 
Main Amplifier 

The first of these is shown in Figure 4 
and was designed by Major H. H. 
Gamer in the early 1950s. It doesn’t 
have any pretensions to exceptional per¬ 
formance but is. nonetheless, a cred¬ 
itable performer according to G. A. 
Briggs, who tested it exhaustively at the 
time. It was paired with a preamplifier, 
which had the obligatory bass and tre¬ 
ble controls as well as input switching 
for pick-up and radio, and compensa¬ 
tion for LP and 78rpm records. 

The circuit is fairly simple and the 
line-up is quite conventional for those 
days. (The ’line-up’ was the collective 
expression used for all the valves.) No 
miniature valves were used; these were 
still a little way off in time for general 
use. The output valves were the popu¬ 
lar 6L6s and these were somewhat 
underrun. The distortion figures may 
not seem exciting but were seen as 
being adequate for the purpose. At an 
output power of 5W, the THD was 0*8%. 
which rose to 1-5% at 10W output. 

The pentode first stage. V3. included 
overall negative feedback from the out¬ 
put transformer secondary winding. 
This could be varied between zero and 
22dB of NF13 (Negative FecdBack). Apart 


from the fact that this varies the sensi¬ 
tivity of the amplifier, no justification 
was offered for this arrangement. The 
points that were made were as follows. 

(a) Since the 6L6 output valves made 
no great demands upon their input 
drive, a concertina phase-splitter was 
considered adequate, with balancing of 
the biphase outputs being achieved 
simply by matching the values of load 
resistors R24 and R26. 

(b) Because of the high input im¬ 
pedance of the phase-splitter, it was 
possible to use a pentode first stage 
to give both high gain and good top 
response. 

A 10W Amplifier for 
Mobile Public Address 

The circuit of Figure 5 shows an ampli¬ 
fier that appeared in the American mag¬ 
azine Radio-Electronics in March 1957. 
This was published in response to a let¬ 
ter from a reader who wanted a power 
amplifier both for his FM tuner and for 
mobile PA requirements. Since it had to 
be mobile, it couldn’t use a mains sup¬ 
ply, so a feature of the design was a 
vibrator pack, to convert the low level 
vehicle DC (6V. no less) into the higher 
level HT required by the amplifier. 

The first stage. VI, was a 6SJ7 pen¬ 
tode. used purely as a microphone pre¬ 
amplifier and giving enough gain to 
allow any high output, high impedance 
crystal or dynamic microphone to be 
used. 

A separate tuner input was provided 
that tapped directly into the grid of one 
half of the double triode V2a. Here we 
see a choice offered between the older 
and larger 6SL7-GT valve and one of 
the newer all-glass miniatures, the 12AX7 
(ECC83). The output valve is another 
popular choice of the day. the 6V6; or a 
6AQ5 could be used Instead. The phase 
splitter is of the paraphase type with 


V2a as the first stage and V2b as the 
second stage. Anode loads are 150k and 
these feed the purely conventional out¬ 
put stage comprising pentodes V3 and 
V4. Overall NFB was taken from the 8Q 
tapping on the output transformer sec¬ 
ondary winding to the cathode of V2a. 
A grid signal for V2b is contrived by 
tapping the grid leak resistor chain 
for V3. 

The Craftsman C-500 

In the May 1956 issue of Radio- 
Electronics there appeared a circuit for 
a typical Williamson’ amplifier, the 
‘Craftsman C-500’. shown here in 
Figure 6. For those not in the know. 
Williamson was a famous name at the 
time in the field of Hi-Fi amplifiers and 
belonged to D. T. N. Williamson who was 
employed as an engineer with the 
British firm of Ferranti. His Craftsman 
C-500’ amplifier uses a pair of KT66s. 
which were very popular high power 
valves in those days. Although they are 
actually beam pentodes, they were con¬ 
nected as triodes by wiring the screen 
grid to the anode via a 100D resistor. 
(The use of the KT66 in triode mode is 
validated by applications data; not all 
pentodes and tetrodes may automati¬ 
cally be connected up this way.) 

Note also the circuit symbols used 
for them. Do you remember in Pari Four 
I mentioned that often beam tetrodes 
are given pentode symbols in circuits, 
whereas the beam tetrode version 
should really be used for clarity? 
Although the KT66 is classified as a 
pentode, it has beam forming plates in 
place of a suppressor grid, and is prac¬ 
tically indistinguishable from a beam 
tetrode in construction. 

In this circuit the Bnt stage. Via. is 
a preamplifier, whose output drives a 
concertina phase splitter Vlb, thus 
neatly putting both stages into one 
double triode. Note also that, as was 
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Figure 4. The Garner 10W Main Amplifier. 
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Figure 5. A 10W Mobile Public Address Amplifier 
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C Copyright still exists on the designs shown in 
this article, however, it has proved difficult to trace 
copyright holders. Rights under copyright are 
acknowledged and are assumed to belong to the 
credited source, however, if any information is 
incorrect or has been omitted, we will publish a 
statement of correction in a future issue. Wc would 
be Interested to hear from any of the designers or 
manufacturers of the circuits shown. 


Figure 6. The Craftsman C-500 Williamson Amplifier, 
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mentioned in Rart Six on the subject of 
phase splitter configurations, that here 
is an example of the signal grid of the 
splitter stage. V1 b. being DC coupled to 
the anode of Via, which then DC biases 
Vlb. This makes a local bias resistor 
network and a coupling capacitor 
unnecessary, a saving in component 
count. 

The third stage driver is a push-pull 
type whose antiphase outputs directly 
drive the push-pull output stage grids, 
and is included to develop a healthy dri¬ 
ving voltage swing and increase the 
open loop gain of the whole system, 
bearing in mind the modest gain of the 
output valves, operating as they are in 
triode mode (see discussion about out¬ 
put triodes above). A 'balance’ preset is 
provided to equalise the anode currents 
of the output pair, while the bias’ pre¬ 
set sets the net bias current in the out¬ 
put stage. In the Williamson design this 
is typically 125mA (62 to 63mA for each 
valve). These adjustments have to be 
made with the aid of a multimeter after 
temporarily removing the link shown. 
Overall NFB is taken from the 16D tap¬ 
ping on the output transformer back to 
the cathode of Via. 

It was a feature of the Williamson 
designs that the output transformer 
was of a superlative specification. The 
bandwidth was enormous, sometimes 
in excess of 100kHz. with extremely low 
distortion and of massive size. It is said 
that Williamson amplifiers were de¬ 
signed around the output transform¬ 
ers. The wide bandwidth introduced in 
stability problems, however, in the pres¬ 
ence of NFB. It was possible to allevi¬ 
ate this by including a bypass network 
within the loop that was only effective 


at frequencies at or above 100kHz. This 
is the RC network Rl/Cl between 
anode and ground of Via in Figure 6. Its 
function is to load Via at high frequen¬ 
cies. reducing its gain and ensuring a 
top end roll-off. As a further anti-insta¬ 
bility measure, a small value capacitor 
C2 was also added in parallel with the 
feedback resistor R2. 

The Ultra Linear 
Amplifier 

In 1952 or thereabouts, an unusual 
output circuit, which had been patented 
some years previously, was resurrected 
by David Hafler and Herb Heroes. This 
circuit combined the best features of tri¬ 
ode and tetrode/pentode operation and 
was known as the Ultra-Linear con figur¬ 
ation . The important change to the nor¬ 
mal push-pull connection was minimal 
and consisted of connecting the screen 
grids to taps on the primary of the out¬ 
put transformer. Oddly enough, opin¬ 
ions are divided on how the circuit 
actually works, but the secret is believed 
to rest on the introduction of NFB. 
Whatever the modus opemndt there is 
no doubt about the benefits. The oper¬ 
ating curve is more linear than for tri¬ 
ode operation even, and the output 
power capabilities are about one-half 
those of pentodes and double those of 
triodes. This means that, for the same 
HT supply and signal drive, the output 
of an ultra-linear amplifier is double 
that of the same amplifier when triode 
connected. In fact, distortion at low 
levels is reduced as is the phase-shift at 
high frequencies. This makes it possible 
to increase the degree of NFB without 
incurring any further instability penal¬ 


ties. The Ultra-Linear Williamson 
amplifier is shown in Figure 7. 

Another aspect of the design of 
amplifiers such as the Williamson types 
is interesting. At the time, valves might 
be classified loosely as being either 
transmitting types or receiving types. 
The former type of valve was obviously 
designed for handling high powers, a 
prime requirement for audio output 
stages. It was natural, therefore, to 
adopt transmitting valves for Hi-Fi pur¬ 
poses. with consequent advantages. 
They didn’t make too stringent a 
demand upon the driver stages as far as 
the amplitude of the driving voltage was 
concerned, and they were operating on 
the linear parts of their characteristics 
when delivering the high powers 
required. 

A Low-distortion 
12W Amplifier 

Finally. Figure 8 shows another ultra- 
linear amplifier circuit, but rather sim¬ 
pler than the Williamson version. The 
power output from this is a modest 12W. 
but even this is often considered to be 
adequate for the average living room. I 
reproduce here the designer’s original 
criteria, taken from the August. 1958 
issue of Radio Electronics. 

1. Inaudible distortion at all feasible 
levels (in a 10 x 15ft. room). 

2. Low source impedance. 

3. High efficiency. 

4. Best possible stability characteristics. 

5. Hum and noise below audibility 
(under specified conditions). 

The designer concentrated most of 
his efforts on consideration of the degree 



Figure 7. The Williamson Ultra-Linear Amplifier. 

62 


Maplm Magazine January 1994 

























































































of NFB needed to meet his criteria 1 to 
4 above, and opted for the ultra-linear 
mode of operation, using a pair of 6V6s. 
To obtain this type of operation with 
these valves requires the output trans¬ 
former primary winding to be tapped at 
25% on each side of the centre-tap. The 
choice of output transformer, from what 
was on the market at the time, fell on 
the Acrosound TO-310. which had a 
rating of 10W over the bandwidth 20Hz 


MECHANICAL CONSTRUCTION 

The Valve Technology’ series has mainly 
concentrated on the electrical characteristics 
of valv es. since these are important for the 
circuit designer. However, the manufacture 
of valves, though of no concern to the 
designer or user, is equally fascinating and 
as a subject warrants inclusion in an 
industrial museum! 

It has become obvious that glass was 
chosen for the envelope because of its ease 
of manufacture, material consistency, 
strength under compression to contain a vac¬ 
uum and its tolerance to wide temperature 
variations, and was. logically enough, devel¬ 
oped from the light bulb. It is also obvious 
that the plug-in type of valve Is almost uni¬ 
versal for easy replacement in the event of 
failure or ageing (but also because it's not a 
good idea to solder directly to glass embed¬ 
ded metal connections), hence the base pin 
connections and the use of chassis sockets. 

In those types where the Insides can be 
easily viewed through the glass, the con¬ 
struction will be clearly seen. The valve com¬ 
ponents are spot-welded together Into a 
support structure which typically comprises 
vertical rods carried in horizontal sec tions of 
mica or similar. However, getting this assem¬ 
bly into the glass envelope is NOT the same 
as putting a model ship in a bottle! 

In fact the envelope begins its life as two 


to 30kHz. and 20W over the reduced- 
bandwidth of 30Hz to 20kHz. the latter 
being adequate for good reproduction. 

The circuit itself uses a 12AX7 
(ECC83) double triode, with one section. 
Via. being a voltage amplifier directly 
coupled to a concertina phase-splitter. 
This gave a number of advantages. 

The DC coupling eliminates one stage 
of capacitive coupling which gives 
greater frequency stability. Placing the 


parts, the envelope proper, and a glass base. 
In B9A valves, this base also carries the plug¬ 
in connection pins which need an involved 
glass-to-metal seal and bonding process to 
prevent leaks (in octal valves these are solid 
core lead-out wires because the plug-in base 
is separate). These bases are usually sup¬ 
plied to the valve assembler prefabricated. 
The valve assembly is spot-welded to the 
base connections, then the whole slid into 
the envelope whereupon the two glass parts 
arc joined by gas flame. 

The envelope is then pumped to evacuate 
it. B9A valves have the small diameter exit 
tube on top of the envelope, octal valves have 
it in the centre of the base at the bottom. 
Initially mechanical pumping is used, but 
this is unable to achieve a sufficient vacuum 
on its own. so at the point when no more can 
be removed by this method the operation is 
switched over to a mercury vapour pump. 
Ideally the air content should be reduced to 
an order of 10 7 atmospheres. 

When the number of remaining gas mol¬ 
ecules has been reduced to the necessary 
scarcity, the exit tube can be closed by melt¬ 
ing it with a gas flame. This action leaves 
behind the ever present pip on the top of 
B9A valves. In the case of octal valves, the 
plastic base carrying the plug pins would be 
glued on and the lead-out wires soldered into 
the hollow pins. 


phase splitter directly before the output 
stage (which is possible due to the low 
drive requirements of 6V6s) eliminated 
the hum frequently resulting from the 
large potential difference between the 
heater and the unbypassed cathode of 
V1 b. being amplified by a further push- 
pull driver stage. The anode load of the 
voltage amplifier acts as the grid leak of 
the phase splitter, thus allowing the volt¬ 
age amplifier to work into a very high 
impedance, so that high gain with low 
distortion are obtained from the first 
stage of amplification. 

Efforts were made to improve the per¬ 
formance by matching pairs of resistors 
and some capacitors (if possible) to 
within 1% of each other. These are indi¬ 
cated on the circuit diagram. It seems, 
from the comments made upon com¬ 
pletion and testing, that the amplifier’s 
performance lived up to expectations. 

That just about concludes this series 
on Valve Technology, which has been 
restricted to audio applications only, 
and this is now one of the few fields left 
where valves still survive - we haven’t 
even mentioned radio. TV. instrumenta¬ 
tion and industrial applications, which 
of course at one time valves had to cater 
for also! The only other area where 
valves are still in common use is for 
radio transmitters (a very laige. high 
voltage, high power triode operating in 
class C). 

We hope you have found the series 
both interesting and informative, and 
that it has answered a lot of questions 
you may have had about these devices. 
You may now be sufficiently better 
informed to try some experiments of 
your own. Elsewhere in this issue you 
will find details for Maplin’s own valve 
power amplifier project, which closely 
resembles Milliard’s ‘520’ ultra-linear 
design of the late 1950s and early 60s. 
Happy metal-bashing! 

But the device is not ready to be used yet. 
On examining a valve's innaids you will also 
find metal rings or other curiousiy redundant 
structures, with what looks like patches of 
chromium plate on the inside of the envelope, 
none of which apparently has anything to do 
with the way the valve works when in use. 
You’d be right. These are the getter rings’, 
and the silvery stuff is the getter material. 
The getter ring fomi is most common, they 
can be found at the top of many B9A 
envelopes, but variations arc not unusual. 
For example the GZ34 rectifier has its getter 
ring encircling its base, whereas the EL34 
power pentode has two small rectangular 
platforms supported on single rods at the 
top. 

On assembly this structure carries a com¬ 
pound embedded in channels or depres¬ 
sions. After evacuation, the final operation is 
to insert the finished valve into an RF heater 
which is aligned to the getter ring. The ring 
is heated to boil off the compound, which 
deposits an oxide layer on the inside of the 
glass in the vicinity of the ring. The oxide is 
only stable in a vacuum, as its property is 
one of quickly absorbing air molecules. As 
such then, the material not only depletes the 
last remaining air further, but also traps any 
gases that may be given off by electrodes 
while in use. A case where the glass has 
cracked and let all the air in is easy to spot. 
The getter material will have turned com¬ 
pletely chalky white. 


OF VALVES 
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How many VCRs have you ever seen that cannot 
make timed recordings? That's what they're for, 
right? But hovV many audio cassette decks are 
there in existence with timed recording facilities? 


APPLICATIONS 

* FOR CONTROL OF DOMESTIC 
EQUIPMENT THAT DOES NOT HAVE 
A TIMER FUNCTION * GENERAL 
COMPUTER CONTROL SYSTEMS 


The Main 
Problem 

My interest in this subject 
started when Radio 4 
began repeating old 
comedy shows at 11 pm 
on Monday nights. Most 
mornings I have a six 
o'clock start, and I didn't 
heally want to stay up late 
to listen to them. I could just 
wait until eleven and start 
my recorder, but I would 
only lay awake wondering 
what the show was about, 
and might as well have 
listened to it anyway. In the 
old days, you could put a 
cassette recorder into record mode with the 
power off, and plug it in to a time switch, at 
least if you didn't mind buying a new pinch 
roller now and then. Like most modern 
decks, however, my Denon DR-M07 is 
solenoid-operated, and uses light-touch 
switches and electronic logic. This, of 
course, makes remote control possible. 

Of course, this system can be applied to 
any similar application. Elderly logic- 
controlled VCRs can now be given 
comprehensive timer-controlled facilities. 
Satellite receivers can be made to change 
channel in the same way that a modern 
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VCR's tuner can when it changes event 
- conventionally, you're stuck to timer¬ 
recording one satellite channel which 
is limited when you bear in mind the 
increasing number available. Even a radio 
tuner could be adapted - I need not be 
limited to recording a Radio 4 programme 
when I go to bed! 

The First Attempt 

A quick lash-up was made one Sunday, 
using reed relays and my trusty old BBC 
B, to assemble a crude timed record facility. 


My old reeds were 
well beyond the drive 
capabilities of the Beeb's 
user port, so I had to 
use a large 18V power 
supply with drivers (for my 
Christmas tree lights, if you 
must know . . .) hooked up 
between the Beeb and the 
cassette deck. It worked, 
but there were several 
drawbacks. The real-time 
clock in the Beeb is an add¬ 
on, and doesn't keep very 
good time, so I had to set 
the clock on the day it 
was needed - no good if I 
wanted to record something 
while I was away for a 
week! More to the point, the Beeb has a 
plastic case and radiates like a spark-gap 
transmitter. Radio 4 and one or two other 
channels can just about crawl through my 
receiver while the Beeb is running, but only 
in mono - my choice of listening material 
was therefore somewhat limited! The 
Archimedes is much better-behaved, having 
a metal case, but alas has no user port. 
Besides, the huge antique reed relays, bulky 
power supply and anachronistic ribbon 
cable were a bit of a bodge. It would be 
much better all round to make use of the 
Archimedes serial port. 
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Figure 1. RM9011 
circuit diagram. 


Enter the RM9011 

Maplin has for some time offered a serial- 
toparallel interface module, the RM9011, 
the circuit diagram of which is shown in 
Figure 1. This device was reviewed in the 
January 1992 copy of Electronics (Issue 49), 
and is also detailed in the 1994 catalogue. 

It took only a little thought to show that I 
couldn't build such a device for that price, 
and so I took the plunge and bought one. 

It can supply 10mA from each of the eight 
outputs, but even the smallest 5V relays 
draw that much. A bom pessimist, I don't 
like running anything right on its limits. 

In this case, particularly, the component 
damaged would be the irreplaceable one 
(the PIC chip), requiring the purchase of a 
new module. So for driving even these 
small relays, a buffer is required, and the 
ULN2803A is the obvious choice. A 
problem immediately occurs: the RM9011 
powers up with its lines programmed as 
inputs, naturally enough. Pull-up resistors 
are used to interface with TTL and so 
the lines are all high at power-up. The 
ULN2803A is an inverting buffer, and so all 
the relays would be initially on - something 
of an embarrassment! Even immediate 
reprogramming, as outputs, leaves the lines 
high, and they would have to be written to 
in order to set them low. If the cassette deck 
is ever used without the computer (i.e. most 
of the time), the deck would be somewhat 
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The RM9011 module and 
analogue switch board, shown installed 
in a Denon DR-M07 cassette deck. 
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Figure 2. Analogue switch board circuit diagram. 
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Close-up of the two PCBs. The RS-232 interface 9-pin 'D' connector can be seen clearly. 


Implementing 
Electronic Switching 

The final interface design, shown in Figure 
2, uses 4066BE semiconductor analogue 
switches. These, however, are not isolated 
from their power rails, and the voltages 
being switched must not fall outside those 
rail voltages. Further, such a switch has 
a definite minimum 'on' resistance, and 
this must be low enough to operate the 
host machine's circuits. Out came the 
oscilloscope and box of resistors, and 
I determined that the front panel switch 
reading pulses went from OV to 5V, and that 
a resistance of less than about 2-5kft would 
definitely operate all the switch functions. 

The minimum resistance of a 4066BE 
quad switch is about 250ft with a 5V 
supply, and that of the 74HC version 
is lower still. Even with small protection 
resistors in series, either switch will operate 
the front panel circuits quite happily. The 
4066 requires a high logic level to close its 
switches, and this level must be the same 
as the Vdo voltage. This is no problem for 


confused as all of its control buttons would 
appear to be pushed at the same time! No, 
the ULN2803A is only useful with relays if 
driven via inverters, requiring a 74xx240 
octal inverting buffer and a very messy 
PCB layout. 

Relays have a further disadvantage. 

10mA per relay may not seem like very 
much current, but I wanted to steal power 
from the host machine and something like 
a cassette deck may not have much spare 
capacity in its supply rails. If all eight relays 
come on even momentarily on power-up, 
the resulting drain could push a light- 
current power supply into shutdown. This 
naturally led me to investigate electronic 
switching. This needs a little care; a pair of 
relay contacts are isolated from everything 
else in the world, and can be used in 
parallel with a switch. What's more, little 
thought has to be given to what is actually 
being switched - within limits, of course. 



Side-view of the two PCBs, showing mounting arrangements. 



Completed installation. 
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the ULN2803A, which has open collectors 
and will therefore provide any level-shifting 
required, in this case to CMOS logic levels. 

It doesn't even need the extra inverters in 
this configuration. There will be a problem 
if your machine's switch-multiplexing 
circuit uses negative voltages, and a 
discrete transistor circuit will then 
have to be used to provide the 
correct logic level shifting. 

If you need to shave operating 
currents to a minimum, use the 
ULN2801 A, which does not 
have built-in base resistors. With 
the kind of collector currents 
used here, base drive resistors 
of a few hundred kilohms would 
be in order, and would avoid 
the 1 -5mA drive current that is 
required for each ULN2803A 
input (5V supply). The PCB design 
will need to be modified, of course, 
but there is enough space for the 
extra base resistors on the board. 

The 4066BE has some built-in static 
protection for its switches, which are 
basically FETs. There are diodes on each 
line to clamp voltages to Vdd and Vss, but 
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Figure 3. PCB legend and track. 


series resistors will increase the protection 
by limiting surge currents through the 
diodes. Static protection is not too 
important once all the switch lines are 
connected into the host machine, but 
before installation any unconnected CMOS 
line will be vulnerable. If the PCB will be 
assembled more than a few hours before 
installation, make up a shorting plug to 
ground the switch connections. For the 
same reason, any unused switches should 
be grounded. Severe damage to an unused 
switch may cause problems with the rest of 
the 1C package. By the way, beware of the 
4016, which is similar (but not identical) to 
the 4066. In the interests of lower leakage 
current in sampling applications, the 4016 
has no diode protection on its switches. 

Use it if you must, but be very careful. 

Analogue Switch 
Board Construction 

Only the switch board needs to be built 
up, since the RM9011 is a pre-assembled 
module. Thanks to the simplicity of the 
circuit, a scrap of stripboard would suffice. 
As an alternative, the layout of Figure 3 
could be used. If you are making your 
own PCB, 1 -3mm holes should be drilled 
to accept the PCB pins. 

The usual anti-static handling precautions 
should be taken with CMOS ICs, and it is 
recommended that sockets are used. In my 
version, only four individual switches were 
required (in parallel with the Record, Stop, 
Play and Pause keys), and so the second 
4066BE device was not required. Perhaps 
tuner control could form the basis of future 
expansion? 

PCB pins can be used for the various 
connections to and from the circuit. 

On the prototype, a right-angled 20-way 
IDC header plug was used for the switch 
outputs; the board design of Figure 3 will 
accommodate such a connector, although 
PCB pins will work. 

The only other points to watch out for 
are RC1, the on-board 5V regulator, the 


electrolytic capacitors and the resistor array; 
these components are polarised. My Denon 
cassette machine already has a regulated 
5V supply rail, and so RG1 was not 
required. 

Installation 

The RM9011 module comes ready- 
assembled, requiring just a 5V supply; 
the wiring diagram of Figure 4 shows how 
its power can be derived from the switch 
PCB's on-board regulator. The switch PCB 
of Figure 3 is about the same size, and 
has the same fixing centres, so both boards 
can be stacked if necessary. As can be 
seen from Figure 4, the inputs to the switch 
PCB are pin-for-pin compatible with the 
RM9011, with a gap opposite the unused 
strobe output - this makes the two boards 
easy to link up with ribbon cable. 


The 1C of the RM9011 is a PIC chip. 

It's not exactly a high-speed CPU driving 
two or three dozen unterminated foot-long 
PCB tracks, but it may still radiate an 
unacceptable level of noise. Try placing 
it inside your cassette deck (most modem 
front-loaders have a lot of fresh air inside) 
and making some trial recordings with no 
input. Connect and disconnect the power 
supply to the module, listening carefully 
on playback for any changes in the 
background noise level. Try all possible 
combinations of noise reduction and tape 
types, since the bias level will change and 
may turn up an objectionable beat with 
one or more combinations. My deck seems 
quite relaxed in this respect, but if yours 
has problems you may need a metal case 
around the boards, or even to mount them 
outside the deck. The front panel switch 
connections will probably still be all 



Figure 4. Wiring diagram. 
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right with a couple of feet of ribbon cable 
attached. You may need larger supply 
decoupling components. 

Operation 

Operation of the RM9011 is fairly 
straightforward, if you are accustomed 


to dealing with serial ports. Only when 
the baud rate and data format are correct, 
the wires go to the right places (RS232 
standard? Which standard did you mean?) 
and the computer is actually sending the 
right message with the right terminating 
characters) will everything work. The 
slightest deviation from these conditions 


will cause total failure, with no indication 
as to the kind of problem involved, or even 
whether any of the equipment concerned 
is working. An oscilloscope helps a bit, 
at least letting you know whether either 
or both machines are transmitting. The 
RM9011 will automatically sense which 
of several data formats and two common 


DEFFNinit 
record* -7 
play* -5 
stop* -6 
pause* -4 
off* -1 

on* -0 

alloff* -255 
press* -5000 
replyS -•JACK- 
DIM error$(5) 

errorS(l)-" Invalid command string" 
errorS(2)-" Serial output buffer full" 

error$(3)-" RM9011 does not reply" 
error$(4)-" Invalid RM9011 reply" 
errorS(5)-" RM9011 returned error" 
state*-stop* 

SYS"0S_Serial0p".5.4 TO .oldRXbaud* 
SYS"0S_Serial0p".6.4 TO .oldTXbaud* 
SYS"0S_Serial0p".1.25 TO .oldformat* 
SYS"0S_Byte".2.0 TO .oldstream* 
SYS"0S_Byte".21.1 
SYS"0S_Byte".21.2 
SYS"0S_Byte".2.2 
-FNconfig(O) 

REM. 

OEFPROCtidy 

SYS"0S_Serial0p".5.oldRXbaud* 
SYS"0S_Serial0p".6.oldTXbaud* 
SYS"0S_Serial0p".1.oldformat* 
SYS"0S_Byte".21.1 
SYS"0S_Byte".21.2 
SYS"0S_Byte".2.oldstream* 

ENDPR0C 

REM. 

DEFFNplay 

-FNpushbutton(play*) 

OEFFNpause 

-FNpushbutton(pause*) 

DEFFNstop 

-FNpushbutton(stop*) 

DEFFNrecord 


REM Switch connections between RM9011 and 
REM tape deck. Either keep track of them 
REM or find them out afterwards by trial 
REM and error. 

REM Inverting logic, remember 

REM Let go of the button 

REM Hold the button for this long 

REM Successful reply string from RM9011 

REM Shouldn’t happen...program error 
REM Check cable or conditions for transmission 
REM from computer serial port 
REM Tape deck turned on? 

REM Shouldn’t happen 

REM NACK received correctly from RM9011 

REM Receive 1200 baud: save previous value 

REM Transmit 1200 baud 

REM 7 bit. 1 stop, even parity 

REM Disable serial input 

REM Flush serial input buffer 

REM Flush serial output buffer 

REM Enable serial input 

REM Set all RM9011 bits to outputs 


:REM Restore original serial parameters 


REM Flush serial Input buffer 
REM Flush serial output buffer 
REM Restore original stream(s) 


REM This function works with a deck that requires separate pressing of "record* 
REM and "play" buttons, in that order. Modify using FNbytewrite if your deck 
REM needs both pressed together. 

LOCAL failed* 


failed*-FNpushbutton(record*) 
IF failed* THEN -failed* 


-FNpushbutton(pi ay*) 

DEFFNrecord.pause 

REM Modify if your deck does not go into record/pause just by pressing "record" 
-FNpushbutton(record*) 

REM. 


Listing t. RM9011 kemal functions and procedures. These are called up by the main program. 
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baud rates are used, which simplifies 
matters a little. As far as the other factors 
go, you are on your own. 

The module uses no handshaking, so 
you have to connect various RS232 lines 
to each other at the computer end, and if 
necessary tell the operating system which 
of the handshake lines are in use. It was a 


great relief when the LED on my RM9011 
blinked, signifying that at last I had 
managed to send it a valid command. 

The Archimedes serial port is allegedly 
compatible with the PC-AT (9-pin) type, 
so the same wiring may work. I have 
previously used the port with PC-AT 
compatible peripherals and cables without 


difficulty. (I will guarantee nothing about 
any serial port unless I have actually tried it 
myself. Maybe a bidirectional version of 
MIDI is the standardisation answer...) The 
RM9011 article carries wiring details for the 
25-pin connector, used on older PCs and 
the type actually specified by the RS232 
standard. 


DEFFNpushbutton(whichX) 

LOCAL failedX.iX 
failedX-FNbitwrite(whichX.onX) 

FOR iX-OTOpressX:NEXT :REM Hold the button for this long 

IF failedX THEN -failedX 
falledX-FNbytewrite(alloffX) 

FOR iX-OTOpressX:NEXT :REH Let go for this long 

IF failedX THEN -failedX 

-0 

REM. 












DEFFNstringread(RETURN strings) 

REM Values other than zero returned denote errors. See errorSO entries. 

LOCAL inbyteX.flagsX,1imitX.timeX.timeoutX.terminatorX 
strings-"- 

timeoutX-8 :REM Time limit in centiseconds for reception of reply 

terminatorX-13 :REM Reply string must end in this char 

limitX-8 :REM Number of chars received without terminator before we give up 

REPEAT 
timeX-TIME 
REPEAT 

IF TIME>(timeX+timeoutX) THEN -3 :REM Timeout 

SYS"0S_Serial0p-.4 TO ,inbyteX:flagsX :REM Get character from serial input buffer 
UNTIL (flagsX AND 2)-0 

IF ((inbyteX>31) AND (inbyteX<127)) THEN stringS-stringS+CHRS(inbyteX) 

IF inbyteX-terminatorX THEN -0 :REM Success! 

1imitX-1 


UNTIL limitXCl 

-4 :REM Terminator not received 

REM. 


DEFFNconfig(byteX) 

-FNserout("C"+STRS(byteX AND 255)) 

REM. 

DEFFNbitwrite(bitX.stateX) 

LOCAL outbitX 

IF stateXOO THEN outbitX-1 ELSE outbitX-0 
-FNseroutC -WB-+CHRS(ASC( "0" )+(bi tXAND7) )+CHRS(ASC( *0" )+outbi tX)) 

REM. 

DEFFNbytewrite(byteX) 

-FNserout("W"+STRS(byteX AND 255)) 

REM. 


DEFFNserout(commands) 

REM Values other than zero returned denote errors. See errorSO entries. 
LOCAL iX.flagsX,failedX,answers 




IF commands--- THEN -1 
SYS"0S_SerialOp*.3.33 
IF (flagsX AND 2) THEN -2 
FOR iX—1 TO LEN(commandS) 

SYS"0S_Serial0p-.3.ASC(MIDS(commands. iX.l)) 
IF (flagsX AND 2) THEN -2 
NEXT 

SYS"0S_Serial0p".3.13 
IF (flagsX AND 2) THEN -2 
failedX-FNstringread(answers) 

IF failedX THEN -failedX 
IF answerSOreplyS THEN -5 
-0 


REM How did this happen, then? 

REM Output "!" to serial port 

REM Serial buffer full 

REM Output command, one character at a 


time 


:REM Output CR to serial port 
:REM Check for RM9011 reply 

:REM RM9011 unable to carry out write-type command 
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Programming 

Programming for this kind of project is 
always a problem because of the wide 
variety of computers in use. I don't 
subscribe to the theory that you all have 
DOS PCs at home, but you probably 
do all have access to a reasonably decent 
version of BASIC. The RM9011 comes 
with instructions which include sample 
(and simple) BASIC programs for the PC, to 
illustrate the use of its commands. It should 
not be too difficult to modify these to work 
with almost any computer that has a serial 
port. The module expects commands 
composed of ASCII characters, terminated 
with ASCII 13 (the 'carriage return' 
character). It replies with another ASCII 


string, again terminated with an ASCII 13. 
This command and data protocol can be 
implemented using the PRINT and INPUT 
facilities in most BASICs, without needing 
to handle odd control characters. The 
RM9011 can accept 7 or 8 bit serial formats 
at 600 and 1200 baud, just about all serial 
ports should be able to manage at least 
one of the possible combinations. 

The supplied BASIC programs are a little, 
er, basic, and I include here some more 
sophisticated routines for the Archimedes 
series of computers. Those of you with 
other machines should still be able to 
make use of them, changing the operating 
system calls ('SYS' statements) and, where 
necessary, the BASIC syntax. Not all BASICs 
support LOCAL variables, multi-line IFs or 


function parameter RETURN' directives. 

All of these features simply add clarity and 
user-friendliness to the program, and all 
may be 'worked around' where they do 
not exist. Variables ending in by the 
way, denote integers. There should be no 
difficulty converting to PASCAL or C. 

These routines (given in Listing 1) are 
almost all functions which return an error 
value, or zero for no error. This technique is 
mandatory in a multi-tasking environment, 
and still quite useful elsewhere. It allows 
errors to be dealt with centrally, as the 
programmer desires, rather than in the way 
that the low-level routines are programmed. 
Those of you with function-less BASICs 
should set a global variable to the 
appropriate value and return from the 


REM Main program and functions for primitive timed record 
resultX-FNinit 
IF result* THEN 
PRINT’"Error!".error$(result*) 

INPUT"Correct problem and press enter’aS 
RUN 
ENDIF 
REPEAT 

INPUT*"Enter start time: (dd:dd:dd) "starts 
UNTIL FNvalid(startS) 

REPEAT 

INPUT’"Enter finish time: (dd:dd:dd) "finishS 
UNTIL FNvalid(finishS) AND (finishS > starts) 

PROCtimed_record 

PROCtidy 

END 

REM. 

DEFPROCtimed_record 

PRINT*"Standing by to record at "starts 
REPEAT 

aS-RIGHTS(TIMES.8) 

IF (aS >- starts) AND (finishS > aS) THEN 
resultX-FNrecord 

IF resultXOO THEN PRINT "Program terminated (2): "errorS(resultX):END 
stateX-record* 

ENDIF 

UNTIL stateX-record* 

PRINT’"Recording until "finishS 
REPEAT 

aS-RIGHTS(TIMES.8) 

IF (aS >- finishS) THEN 
resultX-FNstop 

IF resultXOO THEN PRINT "Program terminated (3): "errorS( resul tX): END 
stateX-stopX 
ENDIF 

UNTIL stateX-stopX 
PRINT*"Recording completed" 

ENDPROC 

REM.. 

DEFFNvalid(testS) 

IF LEN(testS)<>8 THEN -FALSE 

IF (MIDS(tests ,3.1) <>":") OR (MIDS(tests .6. 1)<>":") THEN -FALSE 

(NOT FNisdigit(MIDS(tests.1.1))) OR (NOT FNisdigit(MIDS(testS. 2 .1))) THEN -FALSE 

(NOT FNisdigit(MIDS(tests.4,1))) OR (NOT FNisdigit(MIDS(testS.5.1))) THEN -FALSE 

(NOT FNisdigit(MIDS(tests.7.1))) OR (NOT FNIsdigit(MI DSC tests.8.1))) THEN -FALSE 

(((ASC(MIDS(tests.1,1))-ASC("0*))*10+ASC(MIDS(tests .2 .1)))-ASC(*0") )>23 THEN -FALSE 
(((ASC(MIDS(tests.4.1))ASC("0"))*10+ASC(MIDS(tests.5.1)))-ASC("0"))>59 THEN 
(((ASC(MIDS(tests.7.1))*ASC("0"))*10+ASC(MIDS(tests .8. 1)))-ASC("0"))>59 THEN 






IF 
IF 
IF 
IF 
IF 
IF 
-TRUE 

DEFFNisdigit(digitS) 
IF (digitS>"9") OR 
-TRUE 


FALSE 

FALSE 


(digitS<"d") THEN -FALSE 


Listing 2. Timer-record program. This calls up functions and procedures in Listing 1. 
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REM Main program for testing 
resultX-FNinit 
U resultX THEN 
RIN’ * "Error!*,errorS(resuUX) 

INPUT'Correct problem and press e^ter"aS 


RUN 
ENOIF 
REPEAT 
resultX-0 

PRINT*Record/Pause 1* 
PRINT-Record 2* 

PRINT-PI ay 3* 

PRINT-Pause 4* 

PRINT-Stop 5- 

PRINT-Quit 0* 

INPUT*"Choice? "AX 


IF AX-1 THEN resuUX-FNrecord_pa^se 
IF AX-2 THEN resultX-FNrecord 
IF AX-3 THEN resultX-FNplay 
IF AX-4 THEN resultX-FNpause 
IF AX-5 THEN resultX-FNstOp 
UNTIL (AX-0) OR (resultXOO) 

IF resul tXOO THEN PRINT -Program ter-^ated (1 : 
"errorK resultX) 

PROCtidy 

Listing 3. Main test program. This also calls up functions and procedures in listing 1. 


subroutine. The routines may appear a bit 
over-engineered, but I learned long-ago to 
build in lots of hooks and brackets when 
writing a new program, to which later 
modifications may be easily attached. And 
yes, there are a/vvays later modifications. 
Extensive use of LOCAL variables, where 
supported, helps to reduce name clashes 
and undesirable side effects. I don't claim 
that the routines are totally bomb-proof, 
but they will prevent most of my more 
common programming errors. 

One parameter that will vary from one 
computer (and operating system) to another 
is the length of time taken to process the 
reply from the RM9011. There is a timeout 
value in centiseconds set in FNstringread, 
which decides how long the program will 
wait before deciding that there will be no 
reply. The value stated is adequate for an 
ARM3 Archimedes multitasking under 
RISCOS 3, w ith a baud rate of 1200. No 
problems will occur if this is set to a very 
large value, except that debugging will be 
irritatingly slow. On the other hand, too 
low a value will completely stop the system 
working. When you first assemble the 
system, set it to as high a value as you can 
stand, and then try reducing it once you 
have established communication. Final the 
shortest timeout that works reliably, and 
then double it to obtain a permanent value. 


Bear in mind that when you upgrade your 
computer in a year's time, that if this v alue is 
now too low, nothing will work. It will also 
have to be doubled again if you move from 
1200 baud to 600 baud operation. 

Along with the routines themselves are 
two simple main programs: one (Listing 2> 
is a basic timed record facility and the other 
(Listing 3) allows direct keyboard control 
of the recorder's functions. This is useful 
during the setting up period, when you 
may not be sure which bit controls which 
function. Note that the DR-M07 goes into 
recorckpause mode when the RECORD 
button is pressed, and actually starts 
recording when the PLAY* button is 
pressed after RECORD has been released. 
The low-level bit manipulation instructions 
reflect this. If your deck behaves differently 
then FNrecord_pause and FNrecord must 
be modified. 

The control program for timed recording 
can be as elaborate as you like, perhaps 
duplicating the multi-programme facilities 
of the typical video recorder. I find a single 
recording period quite adequate, since the 
computer and cassette deck will usually be 
powered via a time-switch, and there is a 
limit to the sophistication of these devices. 

I don't really think it wise to leave the 
equipment turned on for days at a time, and 
I'm very doubtful about putting a computer 


in charge of its own orvon switch! Besides, 
vou can't get mam radio pro g rammes on 
even a Cl 20 cassette, unless you have a 
auto-reverse machine. 

It would be possible for Archimedes users 
to build the routines into one of the many 
sharewareTO application shells available, 
to make the system fulK multi-tasking. 

I could not be bothered, as the program 
produces text output only and will run quite 
happily in a task window, allowing full use 
of the computer throughout the recording 
session. For unattended use. I use the 
!Alarm application to launch the program 
as a task after setting two system variables 
tor the on and oft times, and then havo the 
program read them on start-up. This is more 
convenient than building the times into the 
program, and does not require the program 
to be started up by the ’Boot routine. 

So have fun with your serial port. If vour 
cassette deck isn't a Denon DR-M07, or 
you want to control something entirely 
different, there will be an element of 
experimentation involved. You may have 
to use relavs. or even optocsolaled triacs, in 
mains^switching applications. Bear in mind 
the voltage limitations of the 40006 series 
ICs. and the lower ratings of the 74HC 
type, though you are unlikely to find 
control switches carrying more than 18V'. 
My prototype PCB is used to switch 5V, 
and a 5V rail is available, so I have not 
used the 78L05 regulator shown on the 
circuit diagram. 

Inputs as Well 

Don't forget though, that the RV19011 will 
read bits as well as write to them (not at the 
same time, but some bits can be set to be 
read and some to be written toi and can 
therefore allow some measure of feedback 
from the controlled device. In my case, 
the four bits unused for switching could 
be configured as inputs. .Maplin themselves 
market a wide range of sensor and power 
control interfaces that can be booked up 
to the RM9011 - many of the Intelligent 
Motherboard' peripherals covered in recent 
issues of Electronics will be suitable: in 
particular the VE92A Open Collector Card 
(December 1992, Issue 60), VE93B 8-brt 
Analogue-to-Digital Converter (January 
1993, Issue 61), and VF0QA Relay Card 
(February 1993. Issue 62). The RM9011 
provides an excellent (and economical* 
introduction into the world of computer 
control. 


PARTS LIST 

RESISTORS: All 1 % Metal Film (Unless specified) MISCELLANEOUS 


R1-R16 

47H 

16 

lM4~R) 

RN1 

47k 

1 

(RA31J) 

CAPACITORS 




C1,C3 

lOOnF Polyester 

2 

(BX76HI 

C2.C4 

2 2pF 16V Miniled 

2 

(YY36P) 

SEMICONDUCTORS 




lOOpH RF Choke 1 

14-Pin DIL Socket 2 

18-Pin DIL Socket 1 

PCB Pin 2141 1 Pkt 

RM9011 Interface Module 1 
Constructors' Guide 1 

PCB, connectors, ribbon 


cable, mounting hardware 
- all as per user requirement 


(WH41U) 

(B118U) 

(HQ76H 

(FL21X) 

(LP85G* 

(XH79L) 


IC1 ULN2803A 

IC2.IC3 HCF4066BEY 

RG1 LM78L05ACZ 


1 (QY79L) 

2 (QX23A) 

1 (QL26D) 


The Maplin ‘Get-You-Working' Service is not available for 
this protect 

The above items are not axailahk as a kit. 
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Pagemaker 5 - 
In Easy Steps 

by Scott Basham 

DTP systems based on PCs are 
now being used to create virtually 
any kind of document previously 
associated with traditional 
publishing. Pagemaker 5 has 
many helpful facilities to import text 
and artwork from other computer 
applications packages, as well as 
the ability to generate directly from 
within the software itself. 



Windows - 
In Easy Steps 

| by Harshad Kotecha 

The advent of Windows for the 
PC has certainly made using a PC 
much more user-fnendly Software 
designed to run under Windows 
has the same consistent look and 
feel’, so once you have mastered 
one Windows package, it is much 
easier to learn another. One of the 
many features of Windows is 
multitasking* which, when used 
on a suitably equipped PC. allows 
several programs to be available 
simultaneously This facility allows 
you to print a large document from 
your wordprocessor and whilst 
this task is going on. open 
another application, such 
as a spreadsheet. 

Another very powerful feature 
is object linking and embedding’ 
(OLE) which allows you to share 
information between applications 
by linking them into new documents 
you create A graphic created in 
one drawing software package can 
be linked or embedded into a 
wordprocessor document. 




This enjoyable guide covers 
all the essential features of 
Pagemaker 5 for Windows and 
includes; drawing and manipulating 
shapes; importing text and 
graphics; cropping, skewing, 
reflecting and rotating objects; 
story and table editing; kerning and 
tracking; producing contents table 
and index pages; working with 
colour and pnntmg; how to create 
and work with a publication, and 
useful tips and techniques for good 
document design 

This book is designed to be just 
like Pagemaker 5 - graphical, and 
is a clear, concise guide that is 
intended to teach all the essentials 
of the software in easy steps. The 
book has been specifically written 
for version 5 and is not a revamped 
book about earlier versions. All 
screen shots and other matenal 
used refers directly to the 
UKintemational English version 
of the product. 

The guide is packed with useful 
tips and can be used as a self- 
teaching tutonal or as an easy 
reference guide. Also. Apple Mac 
users will find the book extremely 
useful, since the software is 
virtually identical on both machines 
1993 125 pages. 227 x 106mm. 
illustrated. 

Order As AA17T 
(Pagemaker 5) 
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£14.95 NV 


This graphically illustrated guide 
takes you through these and many 
more techniques in a clear and 
concise way Topics covered 
include; automating start ups; 
copying and moving files, and 
directones; customising Windows; 
using screen savers. Write and 
Paintbrush; organising the desktop, 
and many more. This invaluable 
book can be used as an easy 
reference guide or as a self- 
teaching tutonal. It is filled with 
useful tips, notes and shortcuts, 
making it invaluable for all 
Windows users. 

1992. 128 pages. 227 x 186mm. 
illustrated. 

Order As AA16S 

(Windows In Easy Step) £9.95 NV 



Local Area Networks - 
Making the Right 
Choices 

by Philip Hunter 

Local area networks (LAN) are now 
an indispensable part of computer 
installations in small and medium 
size businesses being the only 
practical way to share applications 
and resources such as pnnters. 
Without a LAN, it is extremely 
difficult for companies to exploit 
information technology (IT) 
efficiently or competitively. 

For those who are about to 
install a LAN. or to upgrade or 
expand an existing one. then this 
book will help you choose a LAN 
system that is compatible with 
your business requirements and 
objectives The book has been 
wntten in a non-technical style and 
is intended to help you to select the 
most suitable LAN components for 
your particular requirements or 
installations. Additionally, the 
book discusses the skills needed 
to manage a LAN effectively - a 
factor that needs to be considered 
in estimating the cost of a LAN 
network. 

The book will help you make 
decisions such as components 
required and choice of supplier, 
whether to opt for Ethernet or 
Token ring, whether you should 
have a structured cabling system, 
and a network operating system 
All these topics and many more 
are covered in this detailed and 
informative book The final chapter 
includes a case study that is 
intended to draw together all 
the issues covered to provide 
an overall perspective of a 
LAN installation. For many 
years, the author has been an 
information technology journalist 
specialising in networking and 
telecommunications. 

1993. 340 pages. 233 x 173mm. 
illustrated 

Order As AA19V 

(Local Area Networks) £17.95 NV 


Easy AutoCad - 
3rd Edition 

by John Hood 

AutoCad is a computer-aided 
drafting CAD program that is 
pnmarily intended to run on 
80386/486 PCs, and has 
become the industry standard 
microcomputer CAD program. 

The third edition of this 
informative text book now covers 
AutoCad Releases 11,12 and 
Windows for AutoCad. This edition, 
as before, has been wntten in a 
way that immediately involves the 
student in the drawing process. 
This edition now includes the use 
of pull-down menus and dialogue 
boxes along with the standard 
screen menu. The text is 
composed of a senes of tutonal 
projects each about three hours 
in length which are designed to 
bnng the novice user, with no 
experience, to the level of a fully- 
trained CAD operator in a short 
penod of time. The student should 
be able to master all the powerful 
features of AutoCad such as 
dimensioning, layenng, isometnc 
drawing, 3-D drawing, attributes, 
solid 3-D modelling, multiview 
drawings, blocks and much 
more. 



Pnmarily, the text is intended 
to supplement the AutoCad 
Reference Manual, by teaching the 
reader how to produce industrial 
drawings. Each chapter builds 
on the knowledge gained from 
previous chapters, so that efficient 
drawing techniques are acquired 
in a progressive manner. 

1993 386 pages 233x 188. 
illustrated Amencan Book. 

Order As AA18U 

(Easy AutoCad) £19.95 NV 
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USING TEM PERATUR E MODULIS 


This very practical Electrons ortide details (he use of the following 
projects which, when used in conjunction with the range of 
temperature modules available from Maplin, con provide some 
extremely versatile environmental control functions 
Order as IM37S (Reby Interface Card Kit), Price C12-45 IM36P 
(Senal/PoroHel Converter IGt) Price £14.95 LP12N (24-lii* PC 
I/O Card), Price £21.95 Details in Electronics No 71 (XA71N). 



10-BAND GRAPHIC EQUAUSER MODULE 


This easy to build equaliser project has ten frequency bands that 
alow you to odjust audio response to your particular prefermce 
Order as VE44X, Price £34.95 Details in Electronics No 71 
(XA71N) 





DIGITAL MODEL TRAIN CONTROLLER 


This versatile protect alow* you to control up to fourteen locomo¬ 
tives on a single loyaA wi#i up to four locomotives being active 
at any one time The basis of lie system is a Common/PSU board, 
to which one controller is added for eoch active locomotive AJI 
bcomotrves retire a receiver To complete the project, a smart, 
pre-dnled cose is available. 

Order as: IW61R (Common/PSU), Price £39.95 C4; LW62S 
(Controler) Price £9.95; IT29G (Receiver), Price £12.95, XG09K 
(Case) Price £24.95 Details m Electronics No. 71 (XA71N) 



This easy to build pmk noise generator employs a pseudo-random 
digital noise source and can be easily adapted to produce white 
noise if required 

Order as VE43W, Price £11.95 Details in Electronics 
No 72 (XA72P) 



PRIORITY QUIZ BUZZER 

-M-7— 


No more arguments about who got the answer first! This versatile 
tystem allows up to eight contestants to battle it out without 
c Aencation, and can be expanded in blocks of eight by simply 
adding more units Order as: LT41U, 

*xe £9.95 Details in Electrons No 72 (XA72P) 



A pair of LED power meters for the Velleman Stereo 
MOSFET Amplifier, VF17T The meters can be used in 
either stereo or mono configuration Order as: VF18U, 
Price £34.95 Details in Electronics No 72 (XA72P) 


Visit our stores in Birmingham, Brighton, Bristol, 
Cardiff, Chatham, Coventry, Edinburgh, Glasgow 
Ilford, Leeds, Leicester, London (Edgware, Forest Hill 
and Hammersmith), Manchester (Oxford Rood and 
Cheetham Hill), Middlesbrough, Newcastle-upon- 
Tyne (The Metro Centre, Gatesheod), Nottingham, 
Portsmouth, Reading, Sheffield, Slough, 
Southampton, Southend-on-Sea, Stockport, plus 
NEW stores opening soon in Northampton and 
Milton Keynes Ring 0702 552911 for tarlher details 
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INFRA RED SWITCH 

Look, no handsl This versatile remote control switch can operate a 
multitude of electrical or electronic equipment without you even 
touching it. 

Order os LT38R, Pnce £9.95 Details in Electronics No. 71 
(XA71N) 



A superb high power stereo amplifier that sounds as good as it 
looks. Bodged configuration transforms ihe unit into a 600W 
(music power) mono amplifier 

Order as VF17T Price £299.95 H29 Details in Electronics 
No. 71 (XA71N). 



This simple to build, high tech electronic candle has o 
realistic pseudo random flicker, but won’t bum a hole in 
your pocket-or anything else for that matter Ideal for 
decorations or play*, as there is no danger of fire, or of the 
flame being blown out. The kit includes constructional 
detail* of a suitable cardboard lantern for the festive 
season Order as IT40T, Price £6.95 Details in 
Electronics No 72 (XA72P) 
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This year PC and the XYL stayed with 
fhends in York again for a few days. We 
re-explored the surrounding countryside, 
visiting again the famous abbeys of 
Riveaux, Fountains and Bolton, as well 
as visiting various places where we had 
not been before, such as Whitby. Another 
place which was new to us was the 
famed-in-song hill town of Richmond, 
with its castle which we duly visited. 

Then, whilst Mrs. PC went into a shop 
in the main square to buy a hunk of 
cheese to go with our al fresco lunch, 

PC descended into the basement of the 
building, which housed a second-hand 
bookshop. Having an interest in old 
books about electronics, which in pre-war 
days was synonymous with wireless’, I 
never pass by a second-hand bookshop, 
always hoping to find a rare work on the 
subject. PC enquired of the propnetor, 
more in hope than expectation, if he had 
any pre-war books relating to wireless. 
Many such establishments just don’t 
know whether they have or not and in 
some cases the books are hardly sorted 
by subject at all. PC was pleasantly 
surpnsed to be directed by the cheerful 
and efficient propnetor to a cardboard 
box on the floor in the far room, halfway 
along on the left-hand side. Sure enough, 
there was the box, clearly labelled 
WIRELESS - RADIO - TV’, and on 
pulling it out from under the bottom shelf 
it proved to contain several books of 
interest, three of which I bought. 

One was a rather dog-eared copy of 
API 762’, issued October 1939. This 
Air Publication' is entitled Electrical and 
Radio Notes For Wireless Operators, 


published by His Majesty’s Stationery 
Office, in soft covers, at three shillings 
and sixpence net. This Air Ministry 
publication is nothing other than a 
complete, if simplified, course in 16 
chapters covering electricity and radio, 
starting with a chapter on the electronic 
structure of matter. An even earlier find 
was Wireless For The Home (second 
ed.) published by Pitman’s in November 
1922, just four months after the first 
edition. Its 23 chapters occupy less than 
100 pages - presumably there was not 
that much to say about the subject in 
those days. The book contains sundry 
adverts by various companies, such as 
GEC. Mullard and for the rest, names 
which have long since disappeared. Also 
in the box was the inevitable copy of the 
1938 Admiralty Handbook of Wireless 
Telegraphy in two volumes (which 
superseded the single volume 1931 
edition), but as I already have a copy 
of this (there must have been millions 
pnnted), it was of no interest. However, 

I did buy a copy, of the 1925 edition, 
printed in 1928, that was in a very fair 
condition. The foreword states that it 
supersedes the 1920 edition, so does 
anyone know if that was the first edition? 
Anyway, I shall certainly keep an eye 
out for it. 

ZEV development is all the rage 
nowadays for zero emission vehicles 
would be such a boon to the poor 
pedestnan fighting his way through a fog 
of petrol and diesel fumes in any town or 
city centre. The fumes from petrol-dhven 
vehicles are no less poisonous than 
diesel fumes, but although the latter 


by Point Contact 

\ \ \ 

smell worse, at least you know that they 
are there. But the breakthrough needed 
for practicable ZEVs in the form of much 
lighter secondary battenes with much 
higher capacity and energy density is 
still perhaps decades away. So interest 
is rekindling in LEVs, once stigmatised 
as the worst of both worlds - why carry 
around a heat engine and generator as 
extra payload when running on batteries? 
- so the argument went. But if the motor- 
generator can be made light enough, 
the scheme begins to make sense. Due 
to limited range, current ZEVs are really 
only round-town runabouts, a normal car 
being needed for those longer journeys. 
But with the battery/electric-motor 
combo to look after normal motoring 
and particularly the power-hungry 
acceleration requirements, the motor- 
generator set (only used on long 
journeys) can run at constant design 
full load, where efficiency is maximum. 
Better, the argument runs, to reduce air 
pollution now by around 70% than wait 
for a 95% reduction which may be 
possibly decades away, especially as 
the former does not rule out the latter 
anyway. Volvo have recently announced 
a four-door family car having a 56kW 
(70kW peak) traction motor and a 
16-8kWh Ni-Cd battery good for about 
50 miles of round town driving. An 
integrated gas-turbine/generator unit 
delivers 39kW for battery charging on 
long journeys. I guess the only thing 
stopping it taking off like sliced bread 
is the initial cost, which the news item 
did not mention. 

Talking of storage batteries reminds 
me of the 2V accumulator which 
powered the filaments of the battery 
valves in the home-made wireless set 
which was still in use at my grandparents 
long after the war. In the side of the 
square glass outer container was a 
pointer that was hinged at one end. The 
other end moved up or down over an arc 
scaled from empty’ at the bottom to ‘full’ 
at the top. As a lad at the time, I was in 
the old-clocks-and-Meccano phase of 
development, and understood the 
operation of things mechanical quite 
well. So I was always squinting through 
the glass, trying in vain to see what 
mechanism made the pointer move - 
there appeared to be nothing at all. Only 
years later did I realise that the material 
of the pointer had the same density 
as the acid in a half charged battery, 
causing it to point up at about 45° when 
fully charged, and sink when exhausted. 


Yours sincerely 


'poi/rf 




The opinions expressed by the author are not necessahly those of the publisher or the editor. 
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A readers forum for your views and comments, 
If you want to contribute, write to: 


Green Transistors 

Dear Editor. 

I was fascinated to see the 
reference, in the item on page 
14 of the December 1993 issue of 
Electronics about John Woodgate’s 
work on a Pye Transhailer’, to 
‘geranium transistors. Presumably, 
since these are basically green’, 
they are more environmentally 
friendly than their modem silicon 
based equivalents? 

Alan Cox, St. Clears, Dyfed. 

Dear Sir, 

I thought that flower power' went out 
in the 60s. I am of course referring 
to Mr Woodgate s News Report 
item in Issue 72. Thanks for the 
chuckle anyway 
Don Bray. Seaford, Sussex. 

Oops! We certainly shpped-up 
there 1 Apologies are due to John 
Woodgate, who, in the same news 
story, we referred to as principle of 
JMWA; he is of course the Principal 
I have passed a germanium 
transistor and a geranium to our 
News Editor, Stephen Waddington, 
so he knows the difference in future! 
Oh, well at least it made you all 
smile! 

Beware of the 
Leaky Caps 



The Editor, Electronics - The Maplin Magazine’ 
P.O. Box 3, Rayleigh, Essex, SS6 8LR. 


S-T-A-R L E T T E R 

This month’s Star Letter Award winner 
of a £5 Maplin Gift Token is Mr C. 
Dupont from Poole in Dorset, for his 
suggestion about making professional- 
looking front panels . 



caravan. One method is the battery 
isolator which is a pair of 80A 
diodes with anodes commoned 
at the alternator output and each 
cathode going to each battery The 
other method is to connect the two 
battenes together only when the 
engine is running with a relay 
Michael Stonebridge, Alberta, 
Canada. 

The split charge circuit, which you 
enquire about, is commonly just a 
relay that connects the battery in 
the trailer to the alternator, when the 
ignition is switched on or, preferably, 
when the alternator is producing 
sufficient output to charge both of 
the battenes A further vanation is 
where two relays are used, the first 
is used to charge the trailer battery, 
as previously mentioned, the second 
is used to supply power to the 
caravan's gas/mains/12V Indge 
The idea being that by the time 
you reach the camp-site, the 
Indge is already down to working 
temperature, can be switched 
over to gas operation and used 
immediately. However, most split 
charge units do not provide any 
indication whatsoever of charging' 
or lault' conditions, this would 
prevent the flat battery problems 
experienced by Mr. Richards. 




Dear Maplin. 

How wonderful to see all the valve 
articles appeanng. It takes me back 
to when I was a teenager, building 
valve guitar and PA amplifiers. Not 
being much of a mathematician, 
all my circuits were devised from 
building blocks’ lifted from textbooks 
and magazines, with me putting 
them together, wondering why 
they didn’t work, then fiddling and 
tweaking and playing around until 
the circuit worked satisfactorily 
There were many hours of 
frustration, moments of extreme 
danger - like when an electrolytic 
exploded having 500V applied to it 
in reverse polarity by mistake - and 
moments of great joy, for example 
when my 100W, class AB1 ultra- 
linear design proved to be extremely 
effective m tandem with my Fender 
lookalike guitar 

Basically I am wnting in support of 
Mr Rod Hall's letter published in 
the December issue, requesting 
the design of a guitar amp. I was 
impressed to read about the noise 
figures for your 4-20 amp. Perhaps 
you could come up with something 
similar for the guitar aficionados? 

In addition to previous discussions 
about which type of phase splitter 
to use. I will also add that the use 
of top quality. 1000V capacitors are 
essential, especially into the output 
stage My designs regularly suffered 
from leaky coupling caps in the 60s. 
Dallas Simpson, Nottingham. 

Yes, leaky coupling caps were 
a common fault in many a valve 
amp, even commercial ones after 
a few years, when the capacitors 
deteriorated Apart from funny 
noises, one other due that all is not 
as it should be is a glowing, cherry- 
red anode m an output valve! This 
is a direct result of the valve being 


Up Front 

Dear Sir, 

The main thing that distinguishes 
a completed professional looking' 
project from a home-made bit of 
kit are the legends and such which 
support the functionality of the various 
controls, etc. 

For the layman, these are impossible 
to produce to a professional standard 
However, you can supply the key. 
as was sometimes done in the past 
(e g., Signal Generator some time 
ago), by printing appropnate front 
panel legends accompanying the 
project article in your mag. to scale 
and to suit the suggested mounting 
box, etc. 

These can then be photocopied and 
stuck to the housing. Very acceptable 
results are obtained, and what a 
difference it makes compared to 
using stencils, or the naff look that 
dymo tape so often gives to projects 
Sometimes you do supply a front 
panel for projects, for example 
Tetraprobe. as an optional item 
- but what a cost they tend to be' 


forward biased by the leakage 
current through the capacitor 
Such coupling capacitors should 
not only have a high voltage rating, 
but also have a very high insulation 
resistance across the dielectric 
Modem ones which fit the bill are 
polypropylene types Electrolytics 
must never be used for coupling 
in dnver/output stages 1 

On a Charge 

Dear Sir, 

I was mtngued by the letter from J. 
K. Richards of Chelmsford in Issue 


We have pnnted same-size front 
panel labels in the past and we will 
continue to do so in the future, but 
more often! 

Here are a few useful tips to help 
you. When photocopying a panel 
design, if any pnnting from the 
reverse side of the page shows 
through, place a sheet of black paper 
behind the page to be copied To 
prevent the photocopy becoming 
wnnkled. use a spray-on adhesive 
such as 3M Spray Mount or 3M 
Display Mount (available from art 
shops). Clear adhesive film such as 
Fabkxi (available from Woolworths 
and hardware stores) can be applied 
to prevent the panel being marked 
or damaged by everyday use We 
are also making more use of pre¬ 
printed stick-on front panel labels, 
these are a lot cheaper than the pre- 
dnlled and pnnted panels that we 
have used in the past. Even when 
a pre-pnnted label is available, we 
will still pnnt the design so you can 
choose which method you want 
to use 


70 concerning his problems with 
charging a caravan battery He 
mentions a split charge circuit 
on the tow vehicle, and I am very 
cunous as to what this might be 
Caravanning is very popular here in 
North America, where we call them 
trailers' or campers', and they 
mvanably have at least one 12V 
battery We use one of two methods 
to charge them from the tow 
vehicle's alternator I have used both 
with equal satisfaction The primary 
concern is that the battery In the tow 
vehicle is not discharged by the 


Cat Calls 

Dear Editor, 

In your editorial for the November 
93 issue, you ask for comments 
on the 1994 catalogue. Whilst the 
colour is useful and the various tips 
are interesting, I find the new section 
sequence abysmal. I am forever 
having to look in the index as I have 
not yet determined any logic in the 
arrangement. Please revert to the 
well established sequence for your 
next issue 

John Huddleston, Abingdon, 

Oxon. 

Dear Sir, 

You invited comments about the 
new Colour Maplin Catalogue, well 
I think it’s brilliant, and I don’t just 
mean the colour pictures; the range 
of products is better than ever! Keep 
up the good work, and keep the 
catalogue cotour next year too 
P. Driscoll, Sussex. 

The restructunng of the catalogue 
sections has attracted quite a few 
comments. All we can say at the 
moment is that your comments 
have been noted and passed to the 
relevant department Please keep 
your comments coming. 

Oops! 

A special message to one of our 
readers. Mr Mark Elder of London, 
whose letter, published in Issue 72, 
requested info on the Dynaco A470 
vah/e amplifier. We now have this 
and some other data which we 
could pass on to you, if it wasn't for 
one small problem - we seem to 
have tost your address! (Probably 
got filed under B for 'bin' by 
mistake.) If you post your details to 
the usual address (above) we can 
get the envelope off to you as soon 
as possible 


★★★★★★★★★★★★★★★★★★ 
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Text by Alan Williamson and Mike Holmes 


///////// 


l I I I I 



Above: The complete 
PSU/lnput PCB 
Right: The complete 
twitching module. 



PROJECT 

RATING 


V~~I 


FEATURES 

4c Input from Line or Noise 
Generator 

★ Tape Output from Line 
or Equaliser 

4c Spectrum Analyser Input 
from Line or Microphone 

4c Line Output from Line 
Input or Equaliser 


— 


T his Power Supply and Switching Unit 
module has been designed for use 
with the Modular Graphic Equaliser 
System, which is made up from the other 
modules which were, or will be in the case 
of the Front Panel, featured in other issues 
of Electronics. These are 


K4300 (VE42V) 


K4302 (VE44X) 


K4301 (VE43W) 


Audio Spectrum 
Analyser (Issue 70) 

10-Band Graphic 
Equaliser (Issue 71) 

Pink Noise Generator 
(Issue 72) 


F4302 (VE41U) Front Panel (Issue 74 

(to follow) 

This kit has been designed to perform 
three functions These are: 1 provide a 
regulated power supply for the above 
modules, 2. provide all the necessary 
switching functions; and 3 include a front 
panel mounted line input sensitivity control. 
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Figure 1. Circuit diogram of PSU/lnput and Switching Modules 


Circuit Description 

Figure 1 shows circuit diagrams of the 
power supply, function control switches 
and the signal switching block In the 
power supply section, Diodes D1 to D4 
form a bridge rectifier for the incoming 
12-0-12V AC source (Items shown within 
the dashed area Optional items' will be 
discussed in more detail in the Front Panel 
and final assembly details in the next issue) 
Smoothing and decoupling of the plus and 
minus DC supply voltage rails are provided 
by CIO & C4, Cl 1 & C6 C4 & C6 are 
included to help remove any high-frequency 
noise from the rails, as these have a better 
high-frequency performance than the 
electrolytics 

Regulation of the positive supply is 
performed by the 7808 regulator 1C (VR1), 
which is capable of supplying up to 1A at a 
stabilised 8V output The 24V Zener diode 
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(2D1) is added to jack up' the 8V output of 
the voltage regulator to the required 10V 
level (actually 10 4V). 

Regulation of the negative supply is 
achieved with a 7905 voltage regulator 
(VR2), providing -5V output again to a 
maximum current of 1A Capacitors C5 & 
C7 decouple the output of the regulators 
and a power 'ON' status indicator is 
provided by LED LD1 The total supply 
potential is, then, 15V with 0V or ground 
potential fixed between these two levels 
This arrangement is required by the 
analogue signal switching ICs. 

Two kinds of switches are used in the 
switching section - mechanical and CMOS 
analogue gate ICs The analogue gates are 
4053 devices, each being 3-pole, 2-way 
These make up a total of eight changeover 
switches which direct the various signal 
paths around the equaliser system, the 
remaining ninth gate remains unused Four 
of the mechanical toggle switches are used 
to control the 4053 CMOS switches, which 
may seem a bit Heath Robinson', but there 
are very good practical reasons for doing 
it this way Mechanical switches wear out 
in time and become noisy - something 
which is not desirable in the signal paths 
of an analogue circuit! However, a worn 
mechanical switch can still be adequate for 
control switching, whereas the advantage 
of a CMOS analogue switch is that it is silent 
in operation and is practically 100% reliable, 
as there are no mechanical contacts to 
become dirty and intermittently open 
circuit, the sort of thing that often plagues 
mechanical signal switches and relays 

The other more obvious advantage of 
using these devices is that all of the signal 
tracks are kept very short, and there is no 
need to route signals from the input and 
output sockets on the rear panel of the 
enclosure to the front panel and back 
again, which in turn will help to prevent 
noise pick-up in lengths of connecting 
signal leads 

Each of the four control switches 5W2 to 
SW5 has a specific signal switching function, 
and merely sends a control voltage to the 
relevant control input of the associated 
4053 gate When, for example. 5W2 (Input 
from Line or Noise selector) is closed, a 
positive voltage signal at supply level is 
sent via the control line to analogue 
switches ESI & ES2, causing the gates 
which normally connect the left and right 



Figure 2. Mounting the potentiometer and 
LED to the correct height on the Switching 
PCB. 



stereo line inputs through to the equaliser 
stage, etc., to close, and opening the gates 
which connect to the noise generator (In 
this instance a second part of SW2 also 
switches power to the noise generator, 
which is otherwise off) This emulates the 
changeover switching action 
All the other analogue gates ES3 to ES8 
are operated in the same way from control 
switches 5W3 (Microphone or EQ output to 
Spectrum Analyser), SW4 (Line or EQ output 
to tape recorder), and SW5 (Line in or 
EQ to main Line out) Whatever happens, 
however, the peak analogue signal voltage 
at any stage must be within the plus and 
minus supply potentials of the 4053 
devices After input blocking capacitors 
C8 & C9, all signal paths are DC connected 
throughout, and resistors R1 to R8 maintain 
a quiescent DC potential in each analogue 
gate of 0V The peak amplitude headroom' 
is therefore <+10V for positive going half¬ 
cycles. and >-5V for negative going half¬ 
cycles, and explains the rather curious 
arrangement of the power supply Being 
basically a CMOS logic device, the control 
line of each 4053 must also span the total 
supply level of 15V Hence pull-down 
resistors R10 to R13 maintain the control 
lines at minus supply potential where 
any of the switches SW2 to SW5 are off 
And that, basically, is all there is to it 


The third part of the circuit is a front 
panel mounted potentiometer to control 
the sensitivity of the line input, please note 
however, that if used, the potentiometer 
(RV1) mounted on the spectrum analyser 
line amplifier PCB must not be fitted 

Additional 

Construction 

There are two PCBs to build. These consist 
of the main analogue switching PCB and 
the control PCB A construction leaflet is 
provided with the kit, but the following 
guidelines will also be useful 

For the Switching Unit PCB. begin by fitting 
the PCB pins All the pins, except for RV1, 
are mounted on the track side of the PCB 
Cut off any excess mains pin which is 
exposed on the component side of the 
PCB, then apply a thick layer of a suitable 
insulating material, such as conformal 
coating, to the cropped component side 
of the mains pins, and to the solder 
joints of the switches when these are 
fitted 

Potentiometer RV1 is fitted as shown in 
Figure 2 Its function is to provide a variable 
input level for the Spectrum Analyser for 
calibration purposes The LED is also fitted 
to the height also shown in Figure 2 The 
toggle switch assemblies are fitted next, 
ensuring that they are flat and even on 
the PCB, and then finally the flat cable 

For the main PCB, mount the components 
in the following order: wire links, PCB pins, 
all resistors, diodes, making sure these are 
fitted the correct way round, 1C sockets, 
capacitors, again ensuring correct polarity - 
for electrolytics, the stripe or (-) marking on 
the body identifies the negative lead, and 
then the phono sockets (see Figure 3). 
Semiconductors should be fitted last, on the 
grounds that this minimises the risk of heat 
damage (which is increased if other 
components are being soldered in the 
vicinity if they are already in place) The two 
regulators can be installed, but be sure to 
identify which is which and place the correct 
type in the correct location on the PCB The 
7808 is the positive rail regulator and goes 
in position VRV, while the 7905 is the 
negative rail regulator for position VR2' 
Finally the ICs can be inserted into their 
sockets, be sure to align the pin 1 marker 
on the package of each with the pin 1 
identifier on the legend 



Figure 4a. Test power supply option: transformer with centre-tapped Figure 4b. Test power supply option: using a dual roi ± 17 V DC 

secondary power supply. 
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SW2 

Source 

Noise 

Line 

Up 

Down 

ES1&ES2 

Noise output to Equaliser IK4302I input 

EQ (line) input to Equaliser IK4302) input 

SW3 

Display 

Mic 

EQ. 

Up 

Down 

ES3&ES6 

Mic input to Spectrum Analyser (K4300I input 

Equaliser (<43021 output to Spectrum Analyser {<43001 input 

SW4 

Tape 

Bypass 

EQ Rec 

Up 

Down 

ES4&ES5 

EQ. (Linel/Noise input to Tape out via ESI & ES2 

Equaliser K4302) output to Tape out 

SW5 

Equaliser 

Bypass 

On 

Up 

Down 

ES7&ES8 

EQ (line)/Noise input to EQ out 

Equaliser (<43021 output to EQ out 


SW1 is for switching the transformer secondary output to the unit 


Table 1. Detail of the analogue switch controls. 


Testing and Setting Up 

To be able to test the module on its own 
a ±15V symmetrical supply (AC or DC) is 
required, and a multimeter The symmetrical 
supply can be a transformer with dual 12V 
secondaries, as that in Figure 1, or one with 
a centre tapped 12-0-12V secondary as 
shown in Figure 4a, or dual rail DC power 
supply with plus and minus 17V DC 
outputs either side of a common 0V, as 
in Figure 4b 

Temporarily connect and solder shorting 
links across both capacitors C8 & C9. 
Connect the test PSU plus and minus supply 
rails to the pins A' & 'D', and the PSU 0V 
to B' or C Ensure that all switches SW2 
to SW5 are in the up' or off' position, 
then switch on the PSU The LED should 
illuminate Set the multimeter to the 
appropriate range to read 200ft, and 



Figure 5a. Drilling details for the input/output phono sockets on the rear panel; PCB 
dimensions shown dotted. 



Figure 5b. Front panel drilling for the switch assembly. Rectangular hole at left is for SW1, at right for SW2 to SW5. Hole C is for the front 
panel potentiometer. 


connect the meter to the appropriate points 
of the circuit to check continuity through 
each of the CMOS analogue switches, a 
reading of approximately 120 to 130ft 
should be obtained for each switch in the 
closed (on) position, infinity for the open (off) 
position Select the highest resistance range 
on the ohmeter to check for leakage in the 
open state 

Table 1 shows which mechanical switch 
operates which CMOS switches and their 
connections 

Once all the CMOS switches have been 


checked out and found to be functioning 
correctly, the power supply can be switched 
off and disconnected, and the shorting links 
fitted across capacitors C8 & C9 can then 
be removed 

Figure 5a shows drilling details for the 
six phono sockets on the rear panel of the 
case, while Figure 5b shows drilling details 
for the switch assembly on the front panel 

Next month sees the final part of the 
series, which covers the assembly of all the 
modules into an enclosure, the front panel, 
interconnect and mains wiring 


The Maplin Get-You-Working Service 
is available for this project, see 
Constructors Guide or current Maplin 
Catalogue for details 

This project is available in kit 
form only . 

Order As VE45Y (Equaliser PSU 
and Switching Unit) 

Price £32.95 

Please Note Some parts, which are 
specific to this project (e g , PCB), are 
not available separately 
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These are our top twenty best 
selling books based on mail 
order and shop sales during 
October ’93. 

Our own magazines and 
publications are not included 
in the chart below. 



► ◄ 


Loudspeaker Enclosure Design and 
Construction. (WM82D) CsL P721. 
Previous Position; 2 Price £9. §5. 



Home VCR Repair Illustrated, by 
Richard Wilkins & Cheryl Hubbard 
(WZ32K) CsL P755. Previous 
Position: 3 Price £13.95 A1 





Nun£? r 

ON* 


Getting The Most 
From Your 
Multimeter 

by R.A. Penfold 

A unique and very useful book, 
showing you how to best 
use your multimeter. 

(WP94Q Cal P746. 

Previous Position: 1. 

Price £2.95. 





■W HMWTTIfTWig 1 




The Maplin order code of 
each book is shown together 
with page numbers for our 
1994 catalogue. We stock over 
250 different titles, covering a 
wide range of electronics 
and computing topics. 



v 


The Washing Machine Manual, by 
Graham Dixon (WS98G) CsL P7SS 
Previous Position 13 Price £12.95. 


17 



How to Use Op Amps, by EA Parr 
(WA29G) CsL P734 Previous 
Position 15 Price £2.95. 



IC555 Projects, by EA Pair 
(LYME) CsL P751 Previous 
Position 4 Price £2.95. 



An Introduction to Loudspeakers 
and Enclosure Design, by V. Cape! 
(WS31J) CsL P720. Previous 
Position: 6. Price £2.95. 



Radio Amateurs Examination 

Manual by G-L Benbow (WP87U) Power Supply Projects, by RA 
CsL P716 Previous Position: 10. Penlold (XW52G) CsL P748 
Price £6.75. Previous Position 9 Price £2.50. 



International Transistor Equivalents How to Use Oscilloscope* and 
Guide, by Adnan Michaels Other Test Equipment, by RA 

(WC30H) CsL F74S. Previous Penlold. (WS65V) CsL PI46 


Position 7. Pries £3.95. 


Previous Position: 11 Pries £3.50. 


Scsnners, by Peter Rouse 
(WP47B) CsL P719 Previous 
Position: 12 . Price £6.95. 



▲ 


Electronics Security Devices, by 
RA Penlold (RL43W) CsL P730. 
Previous Position. 20. 

Pries £2.95. 



Mastering C Programming, by 
W Arthur Chapman. (WZ09K) 
CsL P758 Previous Position: 
Re-Entry Price £5.99 



50 Projects Using Relays. SCR s 
and Tnacs, by F G. Rsyer. (BH30H ) 
CsL P747 Previous Position: 
Re-Entry Price £2.95. 



Remote Control 


- 




M 




The VHF/UHF Scanning 
Frequency Guide, by B. Laver 
(WT70M) CsL P719 Previous 
Position. 5 Price £9.95. 


How to Expand Modify and Repair 
PCs and Compatibles, by RA 
Penlold (WS95D) CsL P729. 
Previous Position: 8 Price £4.95. 


Remote Control Handbook, by 
Owen Bishop (WS23A) CsL P747. 
Previous Position 16 Pries £3.95. 


Robot Builder's Bonanza. 

3 McComb. (WI77J) CsL F729. 
nous Position. 18 Price £14.95 Al. 


Short Wave International Frequency 
Handbook, by B Laver (WT73Q) 
CsL P718 Previous Position 14. 

Pries £9.95. 
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Six different designs 
to choose from to suit 
those special occasions. 


ORDER COUPON 


Send this coupon to P 0 Box 3, Rayleigh, Essex SS6 8LR 


Pnct 


Oumfe 


Description 


Code 


Total 


Your data may 
ba uaad by otbaf 
carefully sataclad 


__Post Code ___compi 

I authorise you to detxt my Credit Card account lor the cost ot goods despatched 




Credit Cerd No. 
Access Ame* Visa 


Delete where applicable 


It ordering by Credit Card please sign 
Expiry date ot Credit Card - 


E ach Gift Card measures approximately 15cm (6in.) 
x 20cm (8in.) and is printed in full colour and 
costs just 30p each (with envelope). 

Maplin GIFT TOKENS are available in £1, £5 and £10 
denominations and can be ordered by mail or purchased 
direct from one of our many shops. 

Please Note: There is no handling or postage charge when 
ordering cards or tokens, normal charges apply when 
tokens are redeemed. 

Maplin GIFT TOKENS cannot be refunded for cash. The 
voucher is not transferable to any other retail outlet other 
than Maplin Electronics. 

All prices include VAT. Valid in the UK only. 


> ///j'jkl ELECTRONICS 

CREDIT CARD HOTLINE 


VISA 


sm fox 

SAME OAT 
DCSMTCM 


0702 554161 


FOR A FRIENDLY WELCOME 
& THE BEST OF SERVICE 

Visit our stores i Birmingham Brighton 
Bristol Cardiff Chatham Coventry 
Edinburgh Glasgow Ilford Leeds 
Leicester London (Edgware Forest 
HiN a i t Hammersmith) Manchester 
lOitord Road • ' Cheetham Hill) 
Middlesbrough Newcastle upon Tyne 
Nottingham Portsmouth Reading 
Sheffield Slough Southampton 
Southend on Sea and Stockport 
Ail items subject to availably 
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Modd OS-3020 tlluMmtcd above 


Star Quality, Reliability, 
and World Class 



^ Maplin Electronics are pleased to 
^ * announce their superb new range 
of precision, laboratory grade 
Oscilloscopes from Goldstar 
..»• The range starts with the super 
V value-for-money, 20MHz Dual-trace 
Oscilloscope, OS-9020A. Features 
include a large 6in., high luminance 
CRT with internal 8 x 10cm graticule, 
TV field or line triggering and X-Y 
mode producing Lissajous patterns 
for phase shift measurements, 
v/ F° r higher frequency applications, 
Nfc the 40MHz Dual-trace Oscilloscope, 
OS-9040D, is ideal for TV and video 
signals and a trigger delay facility* allows 
observ ation of fast leading edges. 

For RF signals and high-speed logic 
N 1 applications, the highly specified 
100MHz triple-trace Oscilloscope, 
OS-9100D, has 3 independent input 
channels and is ideal for simultaneous 
display of 3 logic pulse trains for 
timing comparison. 


^ The dual-trace, 40MHz Oscilloscope, 
N f OS-904RD, is similar in specification 

to OS-9040D, but with the additional 
facility of a digital readout on the CRT. 
The readout displays information such 
as timebase and attenuator settings, 
and on-screen measurements can be 
performed using movable cursors, the 
value appearing on the CRT screen. 

Top-of-the-range is the excellent 
N * 20MHz Digital Storage Oscilloscope, 
OS-3020, with on-screen digital read¬ 
out and measurement facilities. The 
digital storage function enables one-off 
events to be captured and stored for 
detailed analysis. Stored waveforms can 
be printed out on a suitable X-Y plotter 
via the built-in RS232 interface. 
Repetitive high-speed waveforms 
up to 20MHz can be digitised using 
equivalent sampling techniques 
and pre-trigger mode allows events 
occurring before the triggering point 
to be captured. 


All models arc supplied complete with probes, mains lead, spare fuses and detailed operating manual 
Full details and specifications can be found in the 199-4 Maplin Full Cx>lour (Catalogue, available from 
WH SMITH and selected branches of RSMcOdl in Scotland for Ju2 9S (£3.45 by post direct from Maplin) 
To order. Phone the Credit Card Hotline. 07112 55 »1 <> I or tCOd \ < >ur Mail Order to P O B< >\ 3 K.i\ logh. 
SS6 2BR. or visit your local Maplin store Please note latest models all now cream in colour as Model OS-V020 

ELECTRONICS uk AGENTS FOR GoldStar 

Visit our stores in Birmingham, Brighton, Bristol. Cardiff, Chatham, Coventry, Edinburgh, Glasgow, Ilford, 
Leeds, Leicester, London (Edgware, Forest Hill and Hammersmith), Manchester (Oxford Road and 
Cheetham Hill), Middlesbrough. Newcastle-upon-Tyne (The Metro Centre. Gateshead). Nottingham, 
Portsmouth, Reading. Sheffield. Slough, Southampton, Southend-on-Sea. Stockport, plus a NEW store 
opening soon in Milton Keynes Phone 0702 552911 for further details 

All items subject to availability, prices include VAT and may change after Feb 28 1994 Carnage charge per 
order £5.70. Handling charge £1 40 per order Overseas customers please phone 0702 552911 
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OS-9020A GW03D £269.95 
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OS-904RD GW06G £499.95 


Vfilii 


OS-9100D GW05F £699.95 



OS-3020 GW07H £749.95 


GoldStar 

Technolog>’ with the human touch 































